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In this work, a series of Cu(I) and Cu(II) pyridyl carboxylate complexes have been 
synthesised and fully characterized. For the Cu(I) pyridyl carboxylate complexes, the 
emissive properties have been studied; for the Cu(II) pyridyl carboxylate complexes, 
the surface properties and gas adsorption properties have been studied. 
 
Bis-mono-phosphines triphenylphosphine, as well as, chelating phosphines ligand 
1,1'-bis(diphenylphosphino)ferrocene (dppf), have been used as supporting ligands to 
occupy two coordination sites of metal centre in Cu(I) pyridyl carboxylate system; 
while chelating bipyridine ligands, such as derivative of 2,2’-bipyridine, have been 
used in Cu(II) pyridyl carboxylate system. With two coordination sites occupied by 
supporting ligands, we are left with a 100 ° geometry on the Cu centre. Based on 
previous reports, these geometries are mostly likely to result in square complexes 
when linear ligands are introduced. However, our results show that, with the control 
of reaction condition and supporting ligand used, we are able to isolate zigzag 
polymers, hexagonal monomer, quadrangular monomer, and quadrangular polymer in 
Cu pyridyl carboxylate system. With a 120 ° space ligand, we can construct zigzag 
polymers, hexagonal polymer, quadrangular polymers and quadrangular monomer, 
instead of molecular triangles. In Cu(I) pyridyl carboxylate system, regardless of a 
change in supporting ligand, from triphenylphosphine to 1,1'-
bis(diphenylphosphino)ferrocene (dppf), geometries of assembled complexes using 
ortho- directing pyridyl carboxylates remain zigzag. However, with the supporting 
ligands changing from triphenylphosphine to 1,1'-bis(diphenylphosphino)ferrocene 
(dppf), geometries of assembled complexes using meta- directing pyridyl 




Chapter 1 presented the background of supramolecular chemistry, supramolecular 
coordination complexes (SCCs) and metal organic frameworks (MOFs), self-
assembly in the construction of supramolecular chemistry and ligands in self-
assembly, especially the pyridyl carboxylate ligands. Some typical examples of this 
field were also discussed. 
 
In Chapters 2 and 3, triphenylphosphine and 1,1'-bis(diphenylphosphino)ferrocene 
(dppf) supported Cu(I) pyridyl carboxylate systems were discussed, respectively. By 
choosing different pyridyl carboxylate ligands, zigzag polymers and dinuclear 
complexes were constructed. The emissive properties at various temperatures were 
also discussed. The narrow full width at half maximum (2 nm) could point to the 
possible use of these materials as sharp-wavelength optical sources. 
 
In Chapters 4 and 5, chelating bipyridine supported Cu(II) pyridyl carboxylate system 
was discussed. By choosing varying length and directional pyridyl carboxylate 
ligands, three new MOFs based on square and two new MOFs based on hexagon with 
different configurations were constructed, respectively. These microporous 
architectures showed different adsorption properties of CO2. The relationship between 
architecture and gas sorption properties was discussed. Moreover, their different 
structural forms are manifested in different affinity towards solvates (water versus 
ethanol channels) and their sorption affinity towards CO2. 
 
Chapter 6 presented a general conclusion of this work. The geometry relationships 
between the ligands used and the outcome were summarized. The photoluminescence 
and gas adsorption prosperities were also summarized according to the constructions 
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Chapter 1: Introduction 
 
1.1 Development of Supramolecular Chemistry 
 
Supramolecular chemistry, which refers to the discipline of “the chemistry 
beyond the molecule” or “the chemistry of the non-covalent bond”, has 
undergone rapid developments over the past fifty years.
1-3
 Different from the 
traditional chemistry which primarily focuses on the covalent bonding of 
atoms and molecules, supramolecular chemistry is predominantly based upon 
the chemical systems made up of two or more assembled molecular subunits 
or components. The forces responsible for the construction of these 
components are mainly focus on weaker and reversible non-covalent 
interactions between them. These forces may include hydrogen bonding, metal 







Figure 1.1 Structure of a [2.2.2] cryptand encapsulating a potassium cation (purple).
5
 
(Reprinted from reference 5, with permission from American Chemical Society 




From the development of the fundamentals of host-guest chemistry and 
molecular recognition by Fischer
6,7
 in the 1890s to Cram, Lehn, and Pedersen 
winning the Noble Prize in 1987 for “their development and use of molecules 
with structure-specific interactions of high selectivity” (Figure 1.1).8 To date, 
supramolecular chemistry has become more and more sophisticated. A number 
of important concepts in supramolecular chemistry have been demonstrated, 
which include host-guest chemistry,
9-15















 Meanwhile, modifications such as 
electrochemical and photochemical motifs have become integrated into 
supramolecular systems in order to increase their functionality. Work on 
molecular information processing devices and synthetic self-replicating 
system has also been started. 
 
During this period, many methods are developed to construct the 
supramolecular system, and eventually, chemists begin to realize that the self-
assembly process driven by non-covalent interaction is crucial in the 
fabrication of large molecules. Compared with stepwise bond formation in the 
construction of supramolecular, it owns several significant advantages which 
include: a) a highly ordered structure, since non-covalent interaction offers 
significantly fewer steps which was based on the simultaneous assembly; b) 
time-saving formation of the final product due to the fast establishment of 
non-covalent interaction; and c) wide range of building blocks, which not only 
consist of atoms or molecules, but also small clusters or mesoscopic structures 
3 
 
with different functionalities, shapes and even chemical compositions 




1.2 Supramolecular Coordination Complexes (SCCs) and Metal 
Organic Frameworks (MOFs) 
 
In the late 19
th




 the founder of 





 and hence unravelled the 
mystery behind the transition metal complexes, known as “double salts”, by 
providing the basis of coordination number and oxidation state of the 
transition metal. His work was the basis of the modern coordination chemistry 
and greatly expanded the field of inorganic chemistry. After that, as one 
branch of supramolecular chemistry, coordination chemistry underwent 
tremendous development with advances in the basic understanding of the 
synthesis and structure of novel metal ligand complexes and their application 




In recent decades, two new branches of coordination chemistry, 
supramolecular coordination complexes (SCCs)
46
 and metal-organic 
frameworks (MOFs)
47
 are among the most productive research areas of 
supramolecular chemistry and crystal engineering. The former comprises of 
discrete systems in which the selected metal ions or inorganic clusters undergo 
self-assembly process with organic linkers containing multiple binding sites 
with specific angularity to generate a finite supramolecular complex. The 
latter encompasses infinite networks of metal ions or inorganic clusters 
bridged by simple organic linkers through metal ligand coordination bonds. 
On the most basic level, both SCCs and MOFs fall into the realm of metal 
5 
 
organic materials (MOMs), which is the design of metal centers linked by 
organic ligands. 
 
Fujita, the “Father of molecular squares”,48 designed and crystallographically 
characterized the first metallo-square in 1990 (Figure 1.2).49 In his work, 
[PdII(en)]2+ was used as corner building block with spacer 4, 4’-bipyridine to 
construct the square structure. The molecular square showed a higher 
selectivity compared with such flexible organic hosts as crown ethers or 
cyclophanes, especially in aqueous medium towards 1,3,5-trimethoxybenzene. 
As recognition of molecular shapes and functions becoming an urgent problem 
in both organic and inorganic chemistry, the work by Fujita showed particular 
importance. This then sparked off a research-frenzy around the world into 
developing various methodologies for the logical design of polyhedra, 
















 and higher polygons,
65,66
 as well as 

















Figure 1.2 First metallo-square, [Pd(4,4’-bipy)(en)]4




Like SCCs, MOFs also own their development to coordination chemistry. In 
1989, Hoskins and co-workers first proposed a new infinite polymeric 
framework consisting of 3D-linked rod-like segments (Figure 1.3).33,84 This 
potential extensive class of solid polymeric materials are known as metal-
organic frameworks (MOFs) nowadays. With their captivating structural 
diversities and potential applications, this new generation of crystalline porous 






Figure 1.3 Infinite polymeric framework constructed by CuI and 4,4',4'',4'''-
methanetetrayltetrabenzonitrile.84 (Reprinted from reference 84, with permission from 
American Chemical Society provided by Copyright Clearance Center. Copyright 
1989.) 
 
Fujita and other groups then went on to construct metallo-squares and grids 
with bigger cavity sizes,25,85 so as to hold more guest molecules in every 
molecular host (Figure 1.4). A few structures with a longer ligand Py-X-Py (Py 
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= 4-pyridyl, X = CH2CH2, CH=CH, or C≡C) were reported. However, these 
ligands are only longer than 4, 4’-bipyridine by about 2 Å.86-89 One of 
successful examples was reported in 2000 whereby a non-interpenetrated Ni 
grid90 could host xylene molecules up to 58% by the volume of host crystal 
with the dimensions of 19.9 × 20.0 Å, by using longer spacer 4,4'-di(pyridin-
4-yl)-1,1'-biphenyl (N,N distance 15.63 Å) instead of 4,4'-bipyridine (N,N 




Figure 1.4 Self-assembly of PdII linked square complexes (PtII could also be applied, 
counter ions are omitted for clarity).91 
 
Biological giant hollow structures could always be found in nature, for 
example, the capsids of spherical viruses. These giant hollow structures could 
have icosahedral symmetry containing as many as 60n identical protein 
subunits.92,93 Similar as the efficient interaction between substances in DNA, 
8 
 
increasing the number of elements with the same symmetry could reduce the 
amount of independent structural units. This is the principle behind the 
construction of huge hollow structures. Inspired by this theory, numerous 
nano-cage structures were reported, such as MOP-1 reported by Yaghi94 and a 
serial of M12L24 structures reported by Fujita.
95  
 
In 2004, Fujita first reported a self-assembled, finite, spherical coordination 
networks M12L24
95
 containing 36 components which consist of 12 equivalent 
metal centers (M; e.g., PdII) and 24 equivalent ligands (L). By modifying the 
functional group (e.g., C60 or porphyrin) attached to each ligand, 24 functional 
groups are aligned equivalently at the internal surface of the sphere. The 
diameter of the spherical coordination networks is up to 7 nm. This allows the 




Figure 1.5 Example of self-assembly of M12L24 complex with 24 internal functional 
groups.96  
 
With continuous work, both external97-101 and internal102-105 surfaces of the 
sphere were further modified. Figure 1.5 shows the typical synthesis of M12L24 
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with the modified internal surface. Different applications were achieved by 
modifying the ligands such as the R group. On one hand, by varying the R 
group inside the cavity such as poly(ethylene oxide) pseudo-nanoparticle 
insulated within spherical complex allows effective absorption of metal ions;96 
or the use of ionic ligands lead to multivalent anions encapsulated inside a 
highly cationic spherical complex;106 or even protein molecules could also be 
encapsulated inside the nano-cage.105 On the other hand, by changing the R 
group outside the cavity, various functions could also be achieved, such as 
coating peptide on the surface of the nano-cage resulted in irreversible 
immobilization on a Ti surface;98 or by coating DNA nanoparticles outside 
allows formation of hydrogen bonds with cDNA strands which resulted in an 
insoluble aggregate formed only with matching trimeric nucleotide strands.99 
Meanwhile, by changing the phenol ring to pyridine, furan or thiophene ring at 
the center of the ligands, the function of the nanocage could be further 
enhanced.107-109 
 
With the rapid consumption of crude oil, hydrogen gas, as a green energy 
source with high energy content, attracts much attention. Due to low specific 
energy of uncompressed hydrogen gas, condensed hydrogen is in 
consideration to be used in the daily industry. However, the safety of storage 
and transportation of compressed hydrogen show considerable risks. Due to 
the exceptionally high ability to host guest molecules, there is considerable 
interest in the development of porous materials for non-petroleum energy 
carrier in storage and transportation. SCCs and MOFs, because of their 
exceptionally high specific surface areas, have the potential to be used as 
10 
 
materials for adsorptive hydrogen storage. 
 
Generally, MOFs with greater surface area can store more hydrogen. Modern 
MOF synthesis is driven in part by a goal to generate extremely porous 
materials which are often accompanied by very large internal surface areas. 
 
Based on this trend, Yaghi reported a series of MOFs110-112 with high surface 
area and considerable properties of hydrogen storage. They reported some 
crystalline solids with extended non-interpenetrating three-dimensional crystal 
structures with well-defined pores of internal diameters with up to 48 Å. 
[Zn4O(CO2)6] cluster was used as metal center connected by either one or two 
kinds of organic spacers, BTE (4,4′,4″-[benzene-1,3,5-triyl-tris(ethyne-2,1-
diyl)]tribenzoate), BBC (4,4′,44″-[benzene-1,3,5-triyl-tris(benzene-4,1-
diyl)]tribenzoate), BTB (4,4′,44″-benzene-1,3,5-triyl-tribenzoate), NDC (2,6-
naphthalenedicarboxylate), and BPDC (biphenyl-4,4′-dicarboxylate), to result 
in a series of MOFs which show exceptional porosities and gas uptake 
capacities. For example, MOF-200,113 (Zn4O(BBC)2), with BET surface area 
of 4530 m2/g, has a hydrogen storage capacity of 7.4 excess wt% (16.3 total 
wt%) at 77 K and 80 bar, and 3.24 delivery wt% (1-100 bar) at 298 K and 100 
bar.114 MOF-205,113 (Zn4O(BTB)(NDC)), with BET surface area of 4460 m
2/g, 
with a hydrogen storage capacity of 7.0 excess wt% (12.0 total wt%) at 77 K 
and 80 bar, and 1.93 delivery wt% (1-100 bar) at 298 K and 100 bar.114 MOF-
210,113 (Zn4O(BTE)(BPDC)), with BET surface area of 6240 m
2/g, and 
volume-specific internal surface area of 2060 m2/cm3 which is equivalent to 
the outer surface of nanoparticles, 3 nm3, and near the ultimate adsorption 
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limit for solid materials, has a hydrogen storage capacity of 8.6 excess wt% 
(17.6 total wt%) at 77 K and 80 bar and 2.90 delivery wt% (1-100 bar) at at 
298 K and 100 bar.114 Another well-known example developed by Yaghi is 
MOF-5,115,116 (Zn4O(BDC)3), which is perhaps the archetypal MOF (Figure 
1.6), it has a hydrogen storage capacity of 7.1 wt% at 77 K and 40 bar; and 10 
wt% at 100 bar. Although it shows a poor performance at room temperature 
(9.1 g/L at 100 bar), it still received much attention from theoretical chemists 
because of the partial charges on the surface of MOFs, which provide a way to 
strengthen the dipole-induced intermolecular interactions with binding 





Figure 1.6 Structure of MOF-5, Zn4O(BDC)3. (Reprinted from reference 115, with 
permission from The American Association for the Advancement of Science 
provided by Copyright Clearance Center. Copyright 2003.) 
 
Apart from hydrogen storage, the usage of MOFs for CO2 storage also 
attracted much attention because of the anthropogenic emissions of CO2 
escalating annually. Compared with zeolites, the MOFs with high surface area 
show greater capacities for CO2 capture at considerable pressures. The 
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framework [Mg2(dobdc)], where bobdc
4- is 2,5-dihydroxyterephthalic, 
reported by Long,117,118 has a CO2 uptake property of 23.6 wt% at 298 K and 
0.1 atm; 35.2 wt% at 1 atm and 63 wt% at 50 bar. Zn4O(FMA)3, where FMA
2- 
is fumarate, reported by Chen,119 has a CO2 uptake property of 69 wt% CO2 at 




1.3 Self-Assembly in the Construction of Supramolecular Chemistry 
 
Many methods have been developed in the construction of supramolecular 
chemistry. One of the most effective methods is self-assembly, which can be 
defined as a process in which a supramolecular species is formed 
spontaneously from its components, either separated or linked.
120
 In 
coordination chemistry, those components can be divided into two parts, metal 
centre (acceptor) and spacer (donor); metal ions or inorganic clusters are 
usually used as metal centre and bridging organic ligands as spacer. 
Commonly, it can be classified as two types: intramolecular self-assembly and 
intermolecular self-assembly. 
 
Self-assembly process plays an important role in the development of 
supramolecular chemistry. This concept was summarized from studying 
molecular interaction processes. When the constitutive components are 
molecules, the process is termed as molecular self-assembly. The success of 
self-assembly in molecular system is determined by several characteristics of 
the system: components, interactions, reversibility (or adjustability), 




Components. In the coordination chemistry self-assembly system, it mainly 
consists of two kinds of components: acceptors and donors. It is always 
tending from ordered to disordered states in nature. In the self-assembly 
process, the chosen acceptors interact with donors leading to a final state that 
is more ordered as compared with the initial state. That is, self-assembly 
14 
 
process is entropy-decreasing which make the choice of the right components 
very important. Taking the 2D edge-directed self-assembly for example, both 
the acceptor (metal, cluster or organic ligand supported metal centers with free 
coordination site) and donor (organic ligand with free coordination site) show 
the designed angular, that from 0 ˚ to 180 ˚. By choosing the right angular 
donors and acceptors, various 2D polygonal structures may be achieved 
(Figure 1.7). If the acceptors and donors are 3D, 3D or infinite structures could 
also be isolated. Once we can predict the geometry of the self-assembly 
outcome, we are able to design the material for the target application. 
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Interactions. Different from traditional covalent interactions, the driving 
forces for self-assembly is not always specific and precise. These interactions 
forces are generally weak and non-covalent which includes van der Waals, 
capillary and Coulomb interactions, hydrogen bonding and π-π interactions.  
 
The interaction force exhibited much interest in the host-guest supramolecular 
chemistry. In the example shown in Figure 1.8,122 the rotaxane system contains 
two different π-electron-donor stations, benzidine and biphenol. The π-
electron-accepting tetracationic cyclophane ring preferentially occupies the π-
electron-rich one. When the benzidine unit was oxidised to the monocationic 
radical state, driven by electrostatic repulsion, the cyclophane ring transfers to 
the biphenol site. This is the rotaxane structure exhibiting translational 
isomerism. In this case, the completely reversible of shuttling of the 
cyclophane is dependent on the oxidation state of the benzidine unit. Similar 
with this, some other shuttle or elevator examples controlled by photochemical 
or electrochemical means were reported.29 This allows possible on-off 






Figure 1.8 A molecular shuttle example.122 
 
Reversibility (or Adjustability). The weaker interaction between the two 
components and thermodynamic stability of the self-assembled resultant 
determine the reversibility or adjustability of the process. In the self-assembly 
process, ordered structures are generated. The association must allow the 
components to optimize their positions within an aggregate for 
thermodynamic stability. The nature of the non-covalent interaction also 
determines the flexibility of the architecture. If the thermodynamic variables 
come back to the initial condition, the structure is likely to return to its initial 
configuration, which is a problem whereby highly ordered material is 
preferred. 
 
Environment. Self-assembly normally is carried out at the interface of the 
reactants either in solution or solid. The resultant of the process is significantly 
influenced by the environment during the interaction of the components. Small 
fluctuations of the environment may lead to notable changes in the structure 
17 
 





Figure 1.9 Top: two types of supramolecular synthons on coordination between two 
dicopper building blocks. Bottom: Schematic representation of three supramolecular 
isomers (different colours only for clarity).123 
 
Figure 1.9 shows one of the best-known examples of reaction temperature 
dependent self-assembly by Kitagawa and etc.123 They studied the redox 
reaction of dimetallic copper(II) acetate with hydroquinone in ethanol. When 
the resultant solution was left at room temperature, two supramolecular 
isomers, [Cu2(μ4-BQ)(μ2-OAc)2]n (α phase) and [Cu2(μ3-BQ)(μ2-OAc)(μ3-
OAc)]n (β phase), were isolated as thin and thick plates, respectively. 
However, if the reaction temperature was fixed at 60℃, red columns of 
[Cu2(μ2-BQ)(μ3-OAc)2]n (γ phase) were mainly isolated. 
 
Mass Transport and Agitation. For any two or more components reactions to 
occur, the reactant molecules must be mobile. So far, many methods have been 
α phase β phase γ phase
Synthon A Synthon A
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developed to bring the molecules into contact, such as hydro/solvent thermal 




1.4 Ligands in Self-Assembly  
 
SCCs and MOFs are mainly constructed by two major components: metal ions 
or inorganic clusters and organic ligand called spacer or linker. The choice of 
metal center and spacer dictates the structure and hence the properties of the 
frameworks. According to the coordination number, the organic ligands could 


















1.4.1 Common Ligands in Self-Assembly 
 
Stang demonstrated and summarised two most widely used classes of ligands 
in the construction, O-donors (Figure 1.10) and N-donors (Figure 1.11). As 
one of the main part of the frameworks, the organic ligands show significant 
contribution to the framework mainly in two ways, for example, the angular 
and length of the ligands, both of them influence the shape and size of the 
frameworks. 
 
In 2005, MOF-74 (renamed as IRMOF-74-I) was reported by Yaghi,
124
 by 
treating 2,5-dihydroxy-1,4-benzenedicarboxylic acid (H2-DHBDC) with zinc 
nitrate tetrahydrate in a hydrothermal method. In this report, they 
demonstrated the usefulness of the concept of rod secondary building units in 






Figure 1.12 Benzenedicarboxylic acid used in the self-assembly length from 7 Å to 
50 Å. 
 
Afterward, they reported a strategy to expand the pore aperture of MOFs into a 
previously unattained size regime (as long as 98 Å) by expanding the length of 
the ligand (Figure 1.12).
125
 In MOF-74, the two carboxylate groups were 
linked by one phenyl ring; by inserting more phenyl ring: two, three, four, five, 
six, seven, nine, and eleven (II to XI, respectively), the lengths of the ligands 
were successfully increased from 7 to 50 Å and the afforded isoreticular series 
of MOF-74 structures (named as IRMOF-74-I to XI) with pore apertures were 
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ranging from 14 to 98 Å (Figure 1.13). All members of this series have non-
interpenetrating structures and exhibit robust architectures, as evidenced by 
their high thermal stability and permanent porosity. The largest calculated 
pore volume in the series is for IRMOF-74-XI (3.3 cm
3
/g), which is close that 




 And the pore 
apertures of an oligoethylene-functionalized IRMOF-74-VII and IRMOF-74-














































Figure 1.13 Isoreticular series of MOF-74. (Reprinted from reference 125, with 
permission from The American Association for the Advancement of Science 
provided by Copyright Clearance Center. Copyright 2012.) 
 
The ligands affect the construction of MOF in another way - angular. Using 
the well-used phthalic acid (benzenedicarboxylate acid) for example (Figure 
1.14), by changing the angle between the two carboxylate groups, different 
structure could be isolated. The angle of ortho-phthalic acid in only about 60 ˚ 
and the steric effect is significant. This kind of ligands are normally used as 
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corner or supporting ligands whereby they are used to connect two 
frameworks or to support the metal centers.
126
 However, meta-phthalic acid 
and para-phthalic acid were well known in the construction of frameworks, 




Figure 1.14 Benzenedicarboxylate acid with different angular. 
 
1.4.2 Pyridyl Carboxylate Ligands in Self-Assembly 
 
Carboxylate is known for its versatile coordination modes varying from 
monodentate (Figure 1.15b) to bidentate (Figure 1.15e), symmetric (Figure 
1.15g) to asymmetric chelating (Figure 1.15h) and monodentate bridging. 
When hydrogen-bonding is introduced (Figure 1.15i), the versatility will be 
further enriched, which is a highlight in supramolecular assemblies. Compared 
to the carboxylate group, pyridine is strictly monodentate. Since both 
pyridyl
127-133
 and carboxylate group
134-136
 are among the most common 
functional groups used in coordination chemistry, the hybrid ligand pyridyl-
carboxylates gained much popularity, especially in N,O-spacers. The pyridine 
carboxylate ligand combines both pyridine and carboxylate functionalities 







Figure 1.15 Various coordination modes of the pyridyl carboxylate ligand. 
 
The possibility for placement of the carboxylate at α-, β- or γ- position with 
respect to the pyridine nitrogen is a key feature that allows these ligands to 
support supramolecular of different frameworks. For example, α-substitutions 
tend to favour chelates and complexes of low nuclearities whereas γ-analogues 
would maximize the separation between the metals and hence ideal for 
topologies such as square and rectangles, and generate polymers and open 
networks with lattices of high-porosity. Those with β-substituents would 
promote oligomers of smaller cavities. These different levels of electronic and 
steric control are keys in the exploration of different functional assemblies, 
which will be illustrated below. Meanwhile, the coordination dynamics of 
pyridylcarboxylate can be significantly enhanced when a bridgehead, 
commonly -(CH2)n- and aromatic ring, is introduced between the pyridine and 
carboxylate moieties. This adds another dimension of skeletal flexibility to 
cope with different demands of bridging configurations. 
 
However, it is noteworthy that hetero-donor spacers are much less common, as 
Stang has acknowledged that MOFs with symmetrically built ligand are very 
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common in the literature, but those with ambidentate spacers are uncommon. 
In the following part, MOFs constructed by pyridyl carboxylate ligand will be 
reviewed. By choosing different pyridyl carboxylates, frameworks with 
various geometries were isolated.  
 
Among the earliest assemblies with N,O-spacers are the Zn(II) pyridine 
tartrate systems reported by Kim and co-authors.
137
 They report the synthesis 
of a homochiral metal-organic porous material that allows the enantioselective 
inclusion of metal complexes in its pores and catalyses a transesterification 
reaction in an enantioselective manner. In the synthesis strategy, they used 
enantiopure metal-organic clusters as secondary building blocks,
138
 which 
should be readily applicable to chemically-modified cluster components and 
thus provide access to a wide range of porous organic materials suitable for 
enantioselective separation and catalysis. After the demonstration of both 
chiral separation and catalytic ability of MOFs, the use of 
pyridinecarboxylates rapidly gained popularity among hybrid spacers, 






Figure 1.16 The hexagonal framework with large pores reported by Kim.137 
(Reprinted from reference 137, with permission from Nature Publishing Group 




Figure 1.17 Formation of heterometallic square complex [Pt(dppf)(isonic)]4
4+. 
 
As shown in Figure 1.15, one of the most common constructions used is 
Figure 1.15c. After an example of a hetero-donor ligand molecular assembly 
was reported by our group (Figure 1.17),
139
 Stang and his collaborators 
published a series of 2D Pt macrocycles.
140,141
 At the same time, a series of 
pyridyl carboxylate complexes were reported,
9,139,142-149
 in which the most 






Figure 1.18 [Pt(isonicH)2(isonic)2]n network complex.
150 
 
Simultaneously, some isonic ligand which has only the nitrogen end 
coordinated (Figure 1.15a and Figure 1.15i) was reported such as Aakeroy’s 
Pt(II) isonicH assembly (Figure 1.18),
150
 in which the carboxylate end was 
protonated and H-bonded to the carboxylate end of the next isonic ligand. 
Similarly, Sekiya reported two Ni
II
 isonicH network complexes with only the 
nitrogen ends coordinated and the acid end H-bonded to one another to give 












 metals were used in the construction of MOFs, a few Cu 
examples were also reported. Similar to Pd(dppf) system, Shiu reported one-
pot conditional self-assembly of multicopper metallacycles.
153
 The study 
shows that the employment of a flexible ligand capped transition-metal 
acceptor such as [Cu2(dppm)2(NCMe)2]
2+
 (dppm = Ph2PCH2PPh2) can convert 
various pyridylcarboxylate (isonicH and its derivatives) donors into all 









1.5 Aim and Scope of this Dissertation 
 
In view of the progress reviewed above, a large variety of examples of pyridyl 
carboxylate-based SCCs and MOFs were reported. However, it is convincing 
that both the synthesis and characterization of Cu-pyridyl carboxylate 
complexes are less explored. Hence it is of interest to study their chemistry 
and expand their properties beyond crystal structures.  
 
The specific aims of this study are to: 
1) synthesize new Cu(I) and Cu(II) complexes from various pyridyl 
carboxylate ligands and determine their structures;  
2) study the geometry relationship between the ligands and complexes;  
3) study the photoluminescence properties of Cu(I) pyridyl carboxylate 
complexes at various temperatures;  
4) study the surface properties and gas adsorption properties of Cu(II) pyridyl 
carboxylate complexes.  
 
Bis-mono-phosphines triphenylphosphine, as well as, chelating phosphines 
ligand 1,1'-bis(diphenylphosphino)ferrocene will be used as supporting 
ligands to occupy two coordination sites of metal centre in Cu(I) system; while 
chelating bipyridine ligands such as derivative of 2,2’-bipyridine will be used 
in Cu(II) system. With two coordination sites occupied by supporting ligands, 
we are left with a 100 ° geometry on the Cu centre. Based on previous reports, 
these geometries are mostly likely to result in square complexes when linear 
ligands are introduced. However, this study may help us to show that, with the 
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control of reaction condition and supporting ligand used, we are able to isolate 
zigzag polymers, hexagonal monomer, quadrangular monomer, and 
quadrangular polymer. With a 120 ° space ligand, we can also construct 
zigzag polymers, hexagonal polymer, quadrangular polymers and 
quadrangular monomer, instead of molecular triangles. 
 
The incorporation of pyridyl carboxylate ligands to Cu(I) centre should lead to 
some interesting structural features which may be potentially useful in 
photoluminescence. The photoluminescence of Cu(I) complexes with different 
pyridyl carboxylate ligands will be compared. Furthermore, by decreasing the 
temperature, the intensity of photoluminescence at different temperature will 
be studied. Due to π-π interaction between chelating bipyridine ligands, Cu(II) 
complexes are proved as porous molecular, their surface area will be measured 
and those complexes are used as CO2 gas storage media.  
 
The research work presented in this thesis is focused on SCCs and MOFs 
constructed by different pyridyl carboxylates, and only Cu will be used as 
metal centre. In the next chapter, we will present Cu(I)-PPh3 complexes, then 
Cu(I)-dppf complexes in Chapter 3, followed by Cu(II) complexes in Chapter 
4 and Chapter 5. The emissive properties of Cu(I) complexes will be studied in 
Chapter 2 and Chapter 3, while the gas adsorption properties of Cu(II) 
complexes will be studies in Chapter 4 and Chapter 5. Finally, the conclusion 
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From the literature review, it is found that the design and synthesis of 
supramolecular complexes have attracted much attention in both experimental 
and theoretical researches.1-7 This kind of hybrid materials exhibit varieties of 
regulated and amazing topological structure8-13 as well as many potential 
applications such as photoluminescence,14,15 gas storage and 
separation,12,13,16,17 catalysis2,18-20 and magnetism.21,22 Hybrid ligands, such as 
pyridyl-carboxylate ligands, are promising candidates in these constructions 
due to their amplifying prowess to adapt to versatile metal connections. Our 
group has contributed a series of reports23-29 on pyridyl-carboxylate ligands 
complexation with the second and third row transition metals. However, 
systematic studies with the first row transition metals have yet to be conducted. 
In this chapter, addition of six different pyridyl carboxylic acids into the 
solution of [Cu(PPh3)2(MeCN)2]BF4 in the presence of NEt3 affords six 
corresponding homometallic zigzag polymers. All complexes have been 
structurally characterized by single crystal X-ray crystallography and their 




2.2 Results and Discussion 
 




Scheme 2.1 Schematic representation of the synthesis of 2.1-2.6 (blue balls represent 




Addition of six different pyridyl carboxylic acids namely pyridine-4-
carboxylic acid (4-PyCOOH), pyridine-3-carboxylic acid (3-PyCOOH), (E)-3-
(pyridin-4-yl)acrylic acid (4-PyCH=CHCOOH), (E)-3-(pyridin-3-yl)acrylic 
acid (3-PyCH=CHCOOH), 4-(pyridin-4-yl)benzoic acid (4-PyC6H4COOH) 
and 3-(pyridin-4-yl)benzoic acid (3-PyC6H4COOH), into the solution of 
[Cu(PPh3)2(MeCN)2]BF4 in the presence of NEt3 affords six corresponding 
homometallic zigzag polymers, [Cu(PPh3)2(4-PyCOO)]n (2.1), [Cu(PPh3)2(3-
PyCOO)]n (2.2), [Cu(PPh3)2(4-PyCH=CHCOO)]n (2.3), [Cu(PPh3)2(3-
PyCH=CHCOO)]n (2.4), [Cu(PPh3)2(4-PyC6H4COO)]n (2.5), [Cu(PPh3)2(3-
PyC6H4COO)]n (2.6) (Scheme 2.1). The 31P NMR spectral of the resultant 
mixture indicated the high product purity (Figure 2.1). 
 
















2.2.2 Crystal Structure Determination of Complexes 2.1-2.6 
 
Single crystal X-ray diffraction analysis of complexes 2.1-2.6 revealed that 
they are remarkably isostructural with a common [CuP2NO] joint (Figure 2.2-
2.7), bridged by pyridyl carboxylate ligand using its monodentate carboxylate 
oxygen and pyridyl nitrogen donors to form a common zigzag polymer 
(Figure 2.8-2.9). The Cu-O (2.060(2)-2.1155(12) Å) and Cu-N (2.083(5)-
2.137(3) Å) bonds lengths falls within the normal range of tetrahedral Cu(I) 
complexes.30-32 The O-Cu-N bond angles lies between 89.41(9) to 95.08(5) ° 
in 2.1 to 2.6, which demonstrates the flexibility of the Cu center to coordinate 




Figure 2.2 ORTEP drawing (50% thermal ellipsoids) of 2.1 (hydrogen atoms and 





Table 2.1 Selected Bond Lengths and Bond Angles for 2.1. 
bond lengths/Å bond angles/ 
Cu1-N1A 2.136(3) N1A-Cu1-O1 89.41(9) 
Cu1-O1 2.060(2) N1A-Cu1-P1 110.32(7) 
Cu1-P1 2.2492(9) O1-Cu1-P1 117.70(6) 
Cu1-P2 2.2656(9) N1A-Cu1-P2 105.29(7) 
  O1-Cu1-P2 110.70(6) 




Figure 2.3 ORTEP drawing (50% thermal ellipsoids) of 2.2 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 2.2 Selected Bond Lengths and Bond Angles for 2.2. 
bond lengths/Å bond angles/˚ 
Cu1-O1A 2.1155(12) O1A-Cu1-N1 95.08(5) 
Cu1-N1 2.1193(14) O1A-Cu1-P2 121.63(4) 
Cu1-P2 2.2495(5) N1-Cu1-P2 104.26(4) 
Cu1-P1 2.2573(5) O1A-Cu1-P1 104.36(3) 
  N1-Cu1-P1 113.00(4) 






Figure 2.4 ORTEP drawing (50% thermal ellipsoids) of 2.3 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 2.3 Selected Bond Lengths and Bond Angles for 2.3. 
bond lengths/Å bond angles/˚ 
Cu1-N1 2.106(3) N1-Cu1-O1A 92.00(12) 
Cu1-O1A 2.047(3) N1-Cu1-P1 107.90(9) 
Cu1-P1 2.2603(12) O1A-Cu1-P1 108.02(8) 
Cu1-P2 2.2516(12) N1-Cu1-P2 108.12(9) 
  O1A-Cu1-P2 114.71(8) 






Figure 2.5 ORTEP drawing (50% thermal ellipsoids) of 2.4 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 2.4 Selected Bond Lengths and Bond Angles for 2.4. 
bond lengths/Å bond angles/˚ 
Cu1-N1 2.083(5) N1-Cu1-O1A 94.42(17) 
Cu1-O1A 2.084(4) N1-Cu1-P1 111.45(13) 
Cu1-P1 2.2332(16) O1A-Cu1-P1 122.01(12) 
Cu1-P2 2.2968(17) N1-Cu1-P2 106.10(14) 
  O1A-Cu1-P2 91.93(12) 








Figure 2.6 ORTEP drawing (50% thermal ellipsoids) of 2.5 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 2.5 Selected Bond Lengths and Bond Angles for 2.5. 
bond lengths/Å bond angles/˚ 
Cu1-N1A 2.1145(12) N1A-Cu1-O1 93.94(4) 
Cu1-O1 2.0673(10) N1A-Cu1-P1 106.19(3) 
Cu1-P1 2.2672(4) O1-Cu1-P1 112.08(3) 
Cu1-P2 2.2438(4) N1A-Cu1-P2 106.50(3) 
  O1-Cu1-P2 110.63(3) 




Figure 2.7 ORTEP drawing (50% thermal ellipsoids) of 2.6 (hydrogen atoms and 




Table 2.6 Selected Bond Lengths and Bond Angles for 2.6. 
bond lengths/Å bond angles/˚ 
Cu1-O1 2.061(2) O1-Cu1-N1A 90.04(10) 
Cu1-N1A 2.137(3) O1-Cu1-P1 114.69(6) 
Cu1-P1 2.2618(8) N1A-Cu1-P1 106.59(8) 
Cu1-P2 2.2694(8) O1-Cu1-P2 110.09(7) 
  N1A-Cu1-P2 113.32(8) 
  P1-Cu1-P2 118.53(3) 
 
The solid-state structures indicate that the six zigzag polymers formed. 
However, only one singlet peak was observed in the 31P{1H} NMR spectra for 
the complexes (Figure 2.1). Besides, only small fragments of the polymers 
were found in the ESI-MS study of the six complexes in solution at ambient 
temperature. This makes us to believe a facile mono-nuclear and polymer 
interchange takes place in solution, as reported in related works by 














Figure 2.8 1D zigzag polymers of 2.1 (upper), 2.2 (middle) and 2.3 (bottom) 
















Figure 2.9 1D zigzag polymers of 2.4 (upper), 2.5 (middle) and 2.6 (bottom) 
(hydrogen atoms and solvents are omitted for clarity). 
 
To identify the mono-nuclear and polymer interchange in solution, 
recrystallization in different solvents was carried out. Dinuclear complex 2.6a 
was isolated after dissolving 2.6 in CHCl3 followed by slow evaporation to 
demonstrate the presence of mono-nuclear and polymer interchanging process 




Table 2.7 Selected Bond Lengths and Bond Angles for 2.6a. 
bond lengths/Å bond angles/˚ 
Cu1-O1A 2.051(2) O1A-Cu1-N1 88.92(9) 
Cu1-N1 2.144(3) O1A-Cu1-P1 107.37(7) 
Cu1-P1 2.2572(8) N1-Cu1-P1 106.13(7) 
Cu1-P2 2.2416(8) O1A-Cu1-P2 118.37(7) 
  N1-Cu1-P2 106.15(7) 




Figure 2.10 ORTEP drawing (50% thermal ellipsoids) of 2.6a (hydrogen atoms and 
solvents are omitted for clarity). 
 
As shown in Figure 2.10, similar to the polymeric structure in 2.6, the copper 
atoms in the dinuclear structure of 2.6a are four-coordinated with a distorted 
tetrahedral geometry (Table 2.7). 2.6a consists of 2 doubly bridging pyridyl 
carboxylates which coordinated via their [O,N] functions and acted as spacers 
between the two metals, giving a 20-membered metallocycle with a diagonal 
distance of 10.318 Å (Cu1…Cu1A). 
 
2.2.3 Emission Study of Complexes 2.1-2.6 
 
The emission properties of 2.1-2.6 were investigated in the solid state. All of 
57 
 
six polymer materials showed strong emission at 533 nm, 538 nm and 587 nm 
at 300 K upon excitation by 325 nm laser source (Figure 2.11). Compared 
with the full width at half maximum of the reported Cu(I) emission (~40-60 
nm),34-37 the 1-D polymers isolated in this chapter is notably much narrower, 
giving only about 2 nm. These three emission peaks can be assigned as Cu 
electron transfer of 3P1→3Fo2, 3P2→3F4 and 3P0→3Do3, respectively.38 Control 
experiments on [Cu(PPh3)2(MeCN)2]+BF4−, and the six free pyridyl 
carboxylate ligands revealed that they were non-emissive under similar 
experimental conditions (Figure 2.11 and Appendices). These comparisons 
pointed to the positive optical effect of pyridyl carboxylates in activating the 




Figure 2.11 Emission of 2.1-2.6 excited by 325 nm laser (Small illustration shows 
the emission of [Cu(PPh3)2(MeCN)2]+BF4−). 
 
The variable temperature (300 K-6 K) emission measurements were carried 
out in the solid state (Figure 2.12-2.14). With the decrease of temperature, the 



































emission positions remained at 533 nm, 538 nm and 587 nm with no 
significant shifts observed. Moreover, the intensity of the emission at 533 nm 
and 538 nm of all the six polymers almost remain the same while the intensity 
of the emission at 587 nm showed the tendency of decreasing due to the 
quench effect at low temperature. Such narrow full width at half maximum (2 
nm) could point to the possible use of these materials as sharp-wavelength 
optical sources. 
 




































Figure 2.12 Variable temperature emissions of 2.1 (left) and 2.2 (right) excited by 
325 nm laser from 280 K to 6 K. 
 




































Figure 2.13 Variable temperature emissions of 2.3 (left) and 2.4 (right) excited by 




















































Figure 2.14 Variable temperature emissions of 2.5 (left) and 2.6 (right, from 280 K to 






This chapter demonstrates a simple and versatile method to construct six 
isostructural 1-D polymers with different degrees of topological spacers. 
Emission properties of the 1-D chain polymers were studied at various 
temperatures where strong emission at 587 nm, 538 nm and 533 nm were 
found for all the complexes and the full width at half maximum is about 2 nm, 






2.4.1 General Procedures and Materials 
 
All reactions were performed under 99.9995% pure nitrogen using standard 
Schlenk techniques. All chemicals used in the synthesis were of reagent grade 
quality from commercial sources and used as received. MeCN, CH2Cl2, 
CHCl3, MeOH and hexane were pre-dried using solvent purification systems 
MB SPS-800. [Cu(CH3CN)4]BF4 and [Cu(PPh3)2(CH3CN)2]BF4 were 
prepared as reported.39,40 
 
All 1H NMR (δ (TMS) = 0.0 ppm) and 31P NMR (δ (85% H3PO4) = 0.0 ppm) 
were recorded at ca. 296 K at operating frequencies of 299.96 and 121.49 
MHz, respectively on a Bruker AVANCE 300 MHz. Elemental analyses were 
performed with Perkin-Elmer PE 2400 elemental analyzer. Samples used for 
elemental analyses were obtained directly from purified samples.  Infrared 
spectra were recorded on the Varian 3100 FT-IR spectrometer using KBr 
pellets. 
 
2.4.2 Preparation of Complexes 2.1-2.6 
 
2.1 [Cu(PPh3)2(CH3CN)2]BF4 (75.6 mg, 0.1 mmol) was dissolved in CH2Cl2 
(25 ml), and pyridine-4-carboxylic acid (12.3 mg, 0.1 mmol) was added to 
give a suspension. Three drops of Et3N were added to the suspension to give 
immediately a clear solution. This solution was stirred at ambient temperature 
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for another 30 min. All of the solvent and the excess Et3N were removed in 
vacuo to produce a colourless precipitate (65.3 mg, 92%). (If necessary, 
further recrystallization from CH2Cl2-hexane can be carried out.) 1H NMR 
(CDCl3, 296 K): δ 9.05-9.07 (d, 2H, Py), 7.91-7.93 (d, 2H, Py), 7.70-7.86 (m, 
18H, Ph), 7.32-7.40 (m, 12H, Ph). 31P NMR (CDCl3, 296 K): δ -1.7370 (s). IR 
(KBr): υ(COO) asym = 1615 cm-1; υ(COO) sym = 1377, 1309 cm-1. Anal. calcd 
for 2.1·H2O (C42H36CuNO3P2) (%): C, 69.27; H, 4.98; N, 1.92. Found: C, 
69.17; H, 4.96; N, 2.20. 
 
2.2 The synthetic procedure was similar to that of 2.1, except that pyridine-3-
carboxylic acid (12.3 mg, 0.1 mmol) was used instead of pyridine-4-
carboxylic acid. Complex 2.2 was obtained as a pale yellow precipitate (yield: 
62.5 mg, 88%). 1H NMR (CDCl3, 296 K): δ 9.04 (s, 1H, Py), 8.78-8.80 (d, 1H, 
Py), 8.07-8.09 (d, 1H, Py), 7.70-7.86 (m, 18H, Ph), 7.45-7.47 (d, 1H, Py), 
7.32-7.40 (m, 12H, Ph). 31P NMR (CDCl3, 296 K): δ -1.5175 (s). IR (KBr): 
υ(COO)asym=1615 cm-1; υ(COO)sym=1377, 1309 cm-1. Anal. calcd for 
2.2·HNEt3BF4·1/2CH2Cl2 (C48.5H51BClCuF4N2O2P2) (%): C, 61.86; H, 5.46; N, 
2.97. Found: C, 61.70; H, 5.02; N, 3.24. 
 
2.3 The synthetic procedure was similar to that of 2.1, except that (E)-3-
(pyridin-4-yl)acrylic acid (14.9 mg, 0.1 mmol) was used instead of pyridine-4-
carboxylic acid. Complex 2.3 was obtained as a pale pink precipitate (yield: 
63.9 mg, 87%). 1H NMR (CDCl3, 296 K): δ 8.70-8.72 (d, 2H, Py), 7.70-7.86 
(m, 18H, Ph), 7.46-7.48 (d, 2H, Py), 7.32-7.40 (m, 13H, Ph & Acr), 6.62, 6.65 
(d, 2H, Acr). 31P NMR (CDCl3, 296 K): δ -2.0540 (s). IR (KBr): υ(COO)asym = 
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1639 cm-1; υ(COO)sym = 1377 cm-1. Anal. calcd for 2.3·Et2O 
(C48H46CuNO3P2) (%): C, 71.14; H, 5.72; N, 1.73. Found: C, 71.00; H, 5.77; 
N, 2.18. 
 
2.4 The synthetic procedure was similar to that of 2.1, except that (E)-3-
(pyridin-3-yl)acrylic acid (14.9 mg, 0.1 mmol) was used instead of pyridine-4-
carboxylic acid. Complex 2.4 was obtained as an orange precipitate (yield: 
66.2 mg, 90%). 1H NMR (CDCl3, 296 K): δ 9.04 (s, 1H, Py), 8.75-8.77 (d, 1H, 
Py), 8.45-8.47 (d, 1H, Py), 7.70-7.86 (m, 20H, Ph, Py and Acr), 7.32-7.40 (m, 
12H, Ph), 6.31, 6.34 (d, 1H, Acr). 31P NMR (CDCl3, 296 K): δ -1.7492 (s). IR 
(KBr): υ(COO)asym = 1642 cm-1; υ(COO)sym = 1377, 1305 cm-1. Anal. calcd 
for 2.4·HNEt3BF4·H2O (C50H54BCuF4N2O2P2) (%): C, 63.66; H, 5.77; N, 2.97. 
Found: C, 63.50; H, 5.40; N, 2.70. 
 
2.5 The synthetic procedure was similar to that of 2.1, except that 4-(pyridin-
4-yl)benzoic acid (19.9 mg, 0.1 mmol) was used instead of pyridine-4-
carboxylic acid. Complex 2.5 was obtained as a yellow precipitate (yield: 70.7 
mg, 90%). 1H NMR (CDCl3, 296 K): δ 8.64-8.65 (d, 2H, Py), 8.09-8.11 (d, 
2H, C6H4 of PC), 7.98-8.00 (d, 2H, Py), 7.70-7.86 (m, 20H, Ph and C6H4 of 
PC), 7.32-7.40 (m, 12H, Ph). 31P NMR (CDCl3, 296 K): δ -2.3467 (s). IR 
(KBr): υ(COO)asym = 1610 cm-1; υ(COO)sym = 1377, 1307 cm-1. Anal. calcd 
for 2.5·HNEt3BF4·1/2CH2Cl2 (C54.5H55BClCuF4N2O2P2) (%): C, 64.31; H, 
5.45; N, 2.75. Found: C, 64.19; H, 5.35; N, 2.39. 
 
2.6 The synthetic procedure was similar to that of 2.1, except that 3-(pyridin-
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4-yl)benzoic acid (19.9 mg, 0.1 mmol) was used instead of pyridine-4-
carboxylic acid. Complex 2.6 was obtained as a yellow precipitate in a yield of 
90%. 1H NMR (CDCl3, 296 K): δ 8.78 (s, 1H, C6H4 of PC), 8.65-8.66 (d, 2H, 
Py), 8.17-8.18 (d, 1H, C6H4 of PC), 7.98-8.00 (d, 2H, Py), 7.70-7.86 (m, 20H, 
Ph and C6H4 of PC), 7.32-7.40 (m, 12H, Ph). 31P NMR (CDCl3, 296 K): δ -
2.1882 (s). IR (KBr): υ(COO)asym = 1611 cm-1; υ(COO)sym = 1377, 1308 cm-1. 
Anal. calcd for 2.6·HNEt3BF4·1/2CH2Cl2 (C54.5H55BClCuF4N2O2P2) (%): C, 
64.31; H, 5.45; N, 2.75. Found: C, 63.93; H, 5.52; N, 2.37. 
 
2.4.3 X-Ray Diffraction Study 
 
The crystals of 2.1-2.6 were isolated by slow diffusion of hexane into the 
solution of purified complexes in CH2Cl2 or CHCl3. The crystallographic 
measurements were carried out on a Bruker SMART CCD diffractometer for 
2.1, 2.2, 2.4, 2.6 (123 K) & 2.6a at 100 K and on a Bruker APEX II for 2.3 
and 2.5 at 123 K. The two instruments were both equipped with graphite-
monochromated Mo Kα radiation (λ = 0.71073 Å). The program SMART41 
was used for collecting frames of data, indexing reflections, and determining 
lattice parameters, SAINT for integration of the intensity of reflections and 
scaling, SADABS42 for absorption correction, and SHELXTL43,44 for space 
group and structure determination and least squares refinements on F2. The 
relevant crystallographic data and refinement details are shown in Tables 2.8-
2.10. The region of disordered electron density was removed from the 





2.1 The asymmetric unit contains one unit of the complex C84H68N2O4P4Cu2, 
one dichloromethane and two methanol. Upon growing and packing, the 
complex forms polymeric network. Restraints in bond lengths and thermal 
parameters were applied to the methanol. 
 
2.2 The asymmetric unit contains one molecule of the complex 
C42H34NO2P2Cu which grow to form a polymer. 
 
2.3 The structure is twinned and the ratio of the two twin domains was refined 
to 0.32/0.68. One of the phenyl rings was disordered and the disordered 
domains C29-C34/C29A-C34A were refined to 0.53/0.47. The two phenyl 
rings were also refined as rigid hexagonal. The occupancy factor for the 
hexane solvent was fixed at 0.5 to obtain reasonable thermal factors. 
 
2.4 The asymmetric unit contains one unit complex of 
Cu[P(C6H5)3]2(NC7H6COO), one BF4- anion, one HNEt3 cation and one 
disordered CH2Cl2. When grown and packed, the complex forms a zigzag 
chain. The CH2Cl2 appears to be disordered into a number of parts. A 
disordered model consisting of one major part and two minor parts, based on 
difference map, was assigned in the refinement. Large numbers of restraints 
were applied to the disordered CH2Cl2 so as to obtain lower R and better 




2.5 The H atom on the OH group in the free MeOH was located from 
difference Fourier map and the O-H distance was restrained to 0.85 Å while its 
thermal parameter fixed to Uiso(H) = 1.2 Ueq(O). 
 
2.6 The asymmetric unit contains unit of the complex C48H38NO2P2Cu. The 
complex grows to more a linear polymeric chain upon growing and packing. 
One of the phenyl rings was disordered into two positions with occupancy 
ratio = 60:40. Upon packing and growing, the complex grows to form a 
polymeric network. 
 
2.6a The asymmetric unit contains half of the complex C96H78N2O4P4Cu2 and 
3.5 solvent CHCl3. The whole complex is obtained by growing through the 
centre of symmetry. Two of the CHCl3 are normal. The remaining 1.5 consist 
of three halves in three parts: Part 1, Parts 2 and Part 3, where Part 2 and 3 are 
in one group and Part 1 in the other group. The two groups are therefore the 
alternative disordered groups. Restraints in bond geometry and thermal 
















Table 2.8 Summary of crystallographic parameters and refinement results of 2.1 and 
2.2. 
 2.1 2.2 
Empirical formula C87H78Cl2Cu2N2O6P4 C42H34CuNO2P2 
Temperature(K) 100(2) 100(2) 
Formula weight 1569.37 710.18 
Crystal system Monoclinic Orthorhombic 
a(Å) 13.5197(9) 18.608(2) 
b(Å) 33.571(2) 13.1164(16) 
c(Å) 16.8038(10) 13.7932(17) 
α (°) 90 90 
β (°) 90.5020(10) 90 
γ (°) 90 90 
Volume(Å3) 7626.5(8) 3366.6(7) 
Z 4 4 
Dcalc(mg/m3) 1.367 1.401 
Absorption 
coefficient(mm-1) 0.768 0.783 
F000 3256 1472 





R1 a, wR2 b(all data) 0.0632, 0.1280 0.0256, 0.0632 
Final R1, wR2 0.0482, 0.1194 0.0246, 0.0629 
GOF c 1.043 1.047 
Largest diff. peak 
and hole(eÅ-3) 1.271 and -0.873 0.361 and -0.236 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. b wR2 = {wΣ(|Fo|-|Fc|)2/Σw|Fo|2}}1/2. c GOF = {Σw(|Fo|-|Fc|)2/(n-














Table 2.9 Summary of crystallographic parameters and refinement results of 2.3 and 
2.4. 
 2.3 2.4 
Empirical formula C91H79Cu2N2O4P4 C51H54BCl2CuF4N2O2P2 
Temperature(K) 123(2) 100(2) 
Formula weight 1515.52 1010.15 
Crystal system Triclinic Monoclinic 
a(Å) 10.046(2) 13.4696(19) 
b(Å) 18.791(4) 10.7686(16) 
c(Å) 21.316(4) 34.912(5) 
α (°) 98.021(5) 90 
β (°) 100.868(6) 92.376(4) 
γ (°) 90.386(6) 90 
Volume(Å3) 3911.0(13) 5059.6(12) 
Z 2 4 
Dcalc(mg/m3) 1.287 1.326 
Absorption 
coefficient(mm-1) 0.678 0.656 
F000 1578 2096 





R1 a, wR2 b(all data) 0.1254, 0.2802 0.1139, 0.2511 
Final R1, wR2 0.0970, 0.2519 0.0888, 0.2349 
GOF c 1.000 1.040 
Largest diff. peak and 
hole(eÅ-3) 1.914 and -1.184 2.760 and -0.935 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. b wR2 = {wΣ(|Fo|-|Fc|)2/Σw|Fo|2}}1/2. c GOF = {Σw(|Fo|-|Fc|)2/(n-















Table 2.10 Summary of crystallographic parameters and refinement results of 2.5, 2.6 
and 2.6a. 
 2.5 2.6 2.6a 
Empirical 
formula C49H42CuNO3P2 C48H38CuNO2P2 C103H83Cl2Cu2N2O4P4 
Temperature(K) 123(2) 123(2) 100(2) 
Formula weight 818.32 786.27 2408.12 
Crystal system Monoclinic Monoclinic Triclinic 
a(Å) 10.0163(6) 20.7889(10) 12.5699(16) 
b(Å) 20.8425(12) 10.3211(5) 13.0216(16) 
c(Å) 19.7183(12) 19.4004(10) 16.825(2) 
α (°) 90 90 82.604(3) 
β (°) 96.859(2) 106.4780(10) 86.478(3) 
γ (°) 90 90 77.878(3) 
Volume(Å3) 4087.0(4) 106.4780(10)°. 2668.4(6) 
Z 4 4 1 
Dcalc(mg/m3) 1.330 1.308 1.499 
Absorption 
coefficient(mm-1) 0.656 0.667 1.036 
F000 1704 1632 1222 
Crystal 
size(mm3) 0.30 × 0.20 × 0.10 0.44 × 0.34 × 0.20 0.50 × 0.24 × 0.20 
Index ranges 
-12<=h<=12 -25<=h<=26 -16<=h<=16 
-26<=k<=25 -13<=k<=13 -16<=k<=16 
-25<=l<=25 -24<=l<=25 -21<=l<=21 
R1 a, wR2 b(all 
data) 0.0342, 0.0748 0.0785, 0.1717 0.0667, 0.1523 
Final R1, wR2 0.0287, 0.0720 0.0579, 0.1547 0.0567, 0.1457 
GOF c 1.049 1.039 1.050 
Largest diff. peak 
and hole(eÅ-3) 0.608 and -0.496 0.618 and -0.547 1.810 and -1.047 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. b wR2 = {wΣ(|Fo|-|Fc|)2/Σw|Fo|2}}1/2. c GOF = {Σw(|Fo|-|Fc|)2/(n-
p)}1/2, where n is the number of reflections and p is total number of parameters 
refined. 
 
2.4.4 Variable Temperature Emission Study 
 
For variable temperature emission measurements, the sample was film-coated 
on silica plate by slow evaporation of its CH2Cl2 solution. Then the silica plate 
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was mounted on the cold finger of a closed-cycle cryostat (Janis SHI-4-5) and 
excited by the 325 nm line of a He-Cd laser (Kimmon KR1801C). The 
excitation power of the laser was 20 mW. The photoluminescent signal was 
dispersed through a monochromator (Acton SpectraPro 2300i) and detected 



































Figure 2.15 Emission of pyridine-4-carboxylic acid (left) and pyridine-3-carboxylic 
acid (right) excited by 325 nm laser. 
 


































Figure 2.16 Emission of (E)-3-(pyridin-3-yl)acrylic acid (left) and (E)-3-(pyridin-4-
yl)acrylic acid (right) excited by 325 nm laser. 
 






























Figure 2.17 Emission of 4-(pyridin-4-yl)benzoic acid (left) and 3-(pyridin-4-
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Taking advantage of the abundance of spacers, numerous metal permutations 
and preparative simplicity, self-assembly of active supramolecular 
coordination complexes1 provides a powerful means to create functional 
materials for applications in areas such as photoluminescence,2,3 gas storage 
and separation,4-7 catalysis8-11 as well as magnetism.12,13 We are interested in 
hybrid spacers such as pyridyl-carboxylates whose donating sites can be easily 
stereogeometrically regulated to give assemblies of defined topologies.14-23 
Synthesis of such structurally designed materials could pave the way for the 
creation of functional molecular materials with targeted applications.  
 
In the previous chapter, we isolated six zigzag polymers in Cu(I)-PPh3 pyridyl 
carboxylate system. In this chapter, we study the synthesis and isolation of an 
electroactive Cu(I) precursor with two potentially labile groups (CH3CN), viz. 
[Cu(dppf)(NCMe)2]+BF4− 3.1 (dppf = 1,1’-bis(diphenylphosphino)ferrocene) 
to give its needed Lewis acidity. Its subsequent addition reactions with 
pyridine-3-carboxylic acid (3-PyCOOH), (E)-3-(pyridin-3-yl)acrylic acid (3-
PyCH=CHCOOH) and 3-(pyridin-4-yl)benzoic acid (3-PyC6H4COOH) in the 
presence of NEt3 give three dinuclear complexes with a common cyclic central 
core. These assemblies using tetrahedral [Cu(dppf)(NCMe)2]+ precursor 
complement related assemblies on s.q. planar [Pt(dppf)2(MeCN)2](OTf)2 (OTf- 
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=CF3SO3-) with meta- pyridyl carboxylic acid which result in triangular 
topologies.14-20,24,25 Meanwhile, some Cu(II) dinuclear complexes bridged by 
pyridyl carboxylate ligand were reported21,22 wherein N-donor ligands, such as 
diethylenetriamine, were used to end-cap the metal center in combination with 
the shortest pyridyl carboxylate ligand, such as 3-PyCOOH, as the bridging 
spacer. To-date, we are not aware of any dinuclear complexes bridged by 
longer pyridyl carboxylate ligands, such as 3-PyCH=CHCOOH and 3-
PyC6H4COOH and therefore are interested if such assembly can provide an 
easy route to large functional metallomacrocycles. As part of our interest in 
self-assembly using hybrid spacers,15,17,18,26 we decided to study the 




Figure 3.1 ORTEP drawing (50% thermal ellipsoids) of 3.1 (hydrogen atoms and 
solvents are omitted for clarity). 
 
The cationic and mononuclear [Cu(dppf)(NCMe)2]+ with a chelating ligand 
(dppf) and two potentially labile sites is expected to be a suitable candidate to 
serve as corners in square-like topologies.27-31 This chapter studies the self-
assembly of 3.1 with 3-PyCOOH to give dinuclear metallocycles (Scheme 3.1) 
as the only isolated products. Using a common methodology, we are able to 
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prepare three isostructural metallocycles. The size of their central cavities can 
be easily adjusted by the skeletal dimensions and configurations of the spacer 
meta- pyridyl carboxylates, 3-PyCOOH, 3-PyCH=CHCOOH and 3-
PyC6H4COOH. The potential of the resultant ensembles as emissive materials 
has also been explored.  
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3.2 Results and Discussion 
 
3.2.1 Synthesis and Characterization of Complexes 3.1-3.4 
 
Dinuclear complexes [Cu2(dppf)2(3-PyCOO)2] (3.2), [Cu2(dppf)2(3-
PyCH=CHCOO)2] (3.3) and [Cu2(dppf)2(3-PyC6H4COO)2] (3.4) were 
prepared in near-quantitative yields from 3.1 with 3-PyCOOH, 3-
PyCH=CHCOOH and 3-PyC6H4COOH in CH2Cl2 in the presence of Et3N at 
ambient temperature. The disappearance of 31P NMR spectral signal at δ –
12.99 of the resultant mixture indicated the exhaustion of 3.1 and the only 
appearance signal around δ –16 revealed high product purity (Figure 3.2). 
 













Scheme 3.1 Schematic representation of the synthesis of 3.2, 3.3 and 3.4. 
 
3.2.2 Crystal Structure Determination of Complexes 3.1-3.4 
 
The crystal structures of 3.1-3.4 were determined using X-ray diffraction. 
ORTEP plots for 3.1 (Figure 3.1), 3.2, 3.3, and 3.4 are presented in Figure 3.3-
3.5. As shown in Figures 3.3-3.5, all of the copper atoms in the three dinuclear 
structures are four-coordinated. The geometry adopted by a four-coordinated 
Cu(I) atom is distorted tetrahedral (Tables 3.1-3.4). The Cu-O (2.021(2)-
2.061(2) Å) and Cu-N (2.074(3)- 2.137(3) Å) bonds are normal among 
tetrahedral Cu(I) complexes. And the O-Cu-N angle changed from 91.51(11) 
to 94.39(11) °. Compared with the bond lengths and angles of the zigzag 
polymers studied in Chapter 2, we could find that the bond length of Cu-N 
(2.083(5)-2.137(3) Å in 1-D polymer of Chapter 2) and the angle of O-Cu-N 
(89.41(9) 95.08(5) ° in 1-D polymer of Chapter 2) change slightly. The bond 
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length of Cu-O is shorter (2.060(2)-2.1155(12) Å in Chapter 2), but still lies 
within the normal Cu-O range. 
 
Table 3.1 Selected Bond Lengths and Bond Angles for 3.1. 
bond lengths/Å bond angles/deg 
Cu1-N2 2.027(2) N2-Cu1-N1 100.75(9) 
Cu1-N1 2.049(2) N2-Cu1-P2 116.28(7) 
Cu1-P2 2.2511(7) N1-Cu1-P2 116.76(6) 
Cu1-P1 2.2835(7) N2-Cu1-P1 108.92(7) 
  N1-Cu1-P1 101.64(7) 




Figure 3.3 ORTEP drawing (50% thermal ellipsoids) of 3.2 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 3.2 Selected Bond Lengths and Bond Angles for 3.2. 
bond lengths/Å bond angles/deg 
Cu1-O1 2.060(3) O1-Cu1-N1A 94.39(11) 
Cu1-N1A 2.074(3) O1-Cu1-P1 118.50(8) 
Cu1-P2 2.267(1) N1A-Cu1-P1 114.38(9) 
Cu1-P1 2.218(1) O1-Cu1-P2 101.67(8) 
  N1A-Cu1-P2 111.44(9) 






Figure 3.4 ORTEP drawing (50% thermal ellipsoids) of 3.3 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 3.3 Selected Bond Lengths and Bond Angles for 3.3. 
bond lengths/Å bond angles/deg 
Cu1-O1 2.061(2) O1-Cu1-N1A 92.32(14) 
Cu1-N1A 2.137(3) O1-Cu1-P1 104.39(10) 
Cu1-P2 2.2618(8) N1A-Cu1-P1 112.77(12) 
Cu1-P1 2.2694(8) O1-Cu1-P2 118.51(11) 
  N1A-Cu1-P2 112.61(12) 




Figure 3.5 ORTEP drawing (50% thermal ellipsoids) of 3.4 (hydrogen atoms and 
solvents are omitted for clarity). 
 
Table 3.4 Selected Bond Lengths and Bond Angles for 3.4. 
bond lengths/Å bond angles/deg 
Cu1-O1A 2.021(2) O1A-Cu1-N1 91.51(11) 
Cu1-N1 2.104(3) O1A-Cu1-P1 111.24(8) 
Cu1-P2 2.256(1) N1-Cu1-P1 117.49(9) 
Cu1-P1 2.238(1) O1A-Cu1-P2 112.66(8) 
  N1-Cu1-P2 108.04(8) 




Complexes 3.2-3.4 are isostructural dinuclear structure with doubly bridging 
pyridyl carboxylates using their [O,N] functions. They differ only in the size 
of their central cycle, formed as a cycle of two spacers over two metals. 
Complex 3.2 gives a 12-membered metallocycle with a diagonal distance of 
6.586 Å (Cu1…Cu1A) (Figure 3.6 top left). Introduction of a [CH=CH] 
linkage to the spacer (3-PyCH=CHCOOH) resulted to a 16-membered 
metallocycle and widen the separation to 9.159 Å (Figure 3.6 top middle). 
This cavity size control is further demonstrated when a phenyl unit is 
introduced to the skeleton backbone of the spacer (3-PyC6H4COOH) which 
results in 20-membered metallocycle with a large separation of 10.006 Å 
(Figure 3.6 top right). The packing pattern of 3.2-3.4 showed 1-D narrow 




Figure 3.6 Secondary interactions with hydrogen bonds (shown as dashed lines) 3.2 






Figure 3.7 Packing pattern of 3.2 (top left), 3.3 (top middle), 3.4 (top right) along the 
a axis. 
 
The ESI-MS study of the three complexes in solution at ambient temperature 
revealed the mononuclear fragments of the metallocycles as [Cu(dppf)(L)] (L 
= 3-PyCOO-, 3- PyCH=CHCOO- and 3-PyC6H4COO-). This points to a facile 
mono- and di-nuclear interchange in solution as reported in related works by 
Mukherjee32 and Shiu.23 
 
Intra-cyclic H-bonding between the C-H and coordinated carboxyl oxygen are 
found in all of the three dinuclear complexes (Figure 3.6; H-bonding distances 
H···A of 2.37-2.55 Å and angles D ̶ H···A of 99-118° summarized in Table 
3.5). There is also secondary H-bonding between neighboring cycles through 
the C-H and pendant carboxyl oxygen in 3.3 which is different from complex 
3.2 and 3.4 (Figure 3.3; H-bonding distances H···A of 2.37-2.61 Å and angles 
D ̶ H···A of 123° shown in Table 3.5). These give rise to a series of 






Table 3.5 Hydrogen Bonding Geometries Exiting in 3.2, 3.3 and 3.4. 
Complex D ̶ H···A D ̶ H /Å H···A/Å D···A/Å D ̶ H···A/deg 
3.2 C2  ̶ H2···O1 0.951 2.371 2.372 102.006 
 C2  ̶ H2···O1A 0.951 2.454 3.021 118.070 
3.3 C6  ̶ H6···O1 0.951 2.452 2.793 100.904 
 C5  ̶ H5···O1A 0.950 2.553 3.075 114.815 
 C7  ̶ H7···O2Aca 0.950 2.616 3.240 123.546 
3.4 C13  ̶ H13···O1 0.950 2.394 2.720 99.720 
 C18  ̶ H18···O1A 0.950 2.539 2.992 109.339 
a Secondary H-bonding between neighboring macrocycles 
 
3.2.3 Emission Study of Complexes 3.1-3.4 
 
The emission properties of 3.1-3.4 were investigated in the solid state. Figure 
3.8 shows the three dinuclear materials at 280 K with strong emission at 533 
nm, 538 nm and 587 nm upon excitation by 325 nm laser. The full width at 
half maximum is only about 2 nm, which is notably much narrower than that 
of the reported Cu(I) emission (~40-60 nm).33-36 These three emission peaks 
can be assigned as Cu electron transfer of 3P1→3Fo2, 3P2→3F4 and 3P0→3Do3, 
respectively.37 Control experiments on 3.1, and free ligands 3-PyCOOH, 3-
PyCH=CHCOOH and 3-PyC6H4COOH under similar experimental conditions 
revealed that 3.1 showed weaker emission and free ligands were non-emissive 
(Figure 3.8 and Appendices). These comparisons suggest to the positive 






















Figure 3.8 Emission of 3.2, 3.3 and 3.4 excited by 325 nm laser (Small illustration 
shows the emission of 3.1). 
 
The variable temperature emissions of 3.2-3.4 were investigated in the solid 
state mainly from 300 K to 20 K (Figure 3.9-3.11). Despite temperature 
decrease, the intensity of the emission at 533 nm and 538 nm of all the three 
materials largely remain the same except for the emission at 587 nm showing 
a tendency of decreasing. During the decreasing of temperature, all the three 
emissions show no shift. Such narrow full width at half maximum (2 nm) and 
steady emission could point to the possible use of these three materials as 






































































Figure 3.9 Variable temperature emissions of 3.2 excited by 325 nm laser from 300 
K to 20 K. 
 
















































Figure 3.10 Variable temperature emissions of 3.3 excited by 325 nm laser from 300 
K to 20 K. 
 








































Figure 3.11 Variable temperature emissions of 3.4 excited by 325 nm laser from 300 








This chapter demonstrates a simple and versatile method to construct 
isostructural materials with different degrees of topological cyclic features. 
The resultant 12-, 16- and 20-membered metallocycles prepared from a 
singular self-assembly method has demonstrated the way forward for 
engineering functional materials directly from commercial reagents. This 
requires the use of a versatile Lewis acidic precursor, as evidenced from the 
synthesis and isolation of 3.1. Isolation of such substrates would pave the way 







3.4.1 General Procedures and Materials 
 
All reactions were performed under 99.9995% pure nitrogen using standard 
Schlenk techniques. All chemicals used in the synthesis were of reagent grade 
quality from commercial sources and used as received. MeCN, CH2Cl2, 
CHCl3, MeOH and hexane were pre-dried using solvent purification systems 
MB SPS-800. [Cu(CH3CN)4]BF4 was prepared as reported.38 
 
All 1H NMR (δ (TMS) = 0.0 ppm) and 31P NMR (δ (85% H3PO4) = 0.0 ppm) 
were recorded at ca. 296 K at operating frequencies of 299.96 and 121.49 
MHz, respectively on a Bruker AVANCE 300 MHz. Elemental analyses were 
performed with Perkin-Elmer PE 2400 elemental analyzer. Samples used for 
elemental analyses were obtained directly from purified samples. Infrared 
spectra were recorded on the Varian 3100 FT-IR spectrometer using KBr 
pellets. 
 
3.4.2 Preparation of Complexes 3.1-3.4 
 
3.1 [Cu(CH3CN)4]BF4 (0.66 g, 2.1 mmol) was dissolved in CH3CN (20 ml), 
followed by addition of dppf (1.11 g, 2.0 mmol), the mixture was stirred at 
ambient temperature for 2 h. After about 120 ml ether was added to the 
solution, yellow precipitate was obtained (1.43 g, 91%). 1H NMR (CDCl3, 296 
K): δ = 7.43-7.50 (m, 20H, Ph), δ = 4.37, 4.12 (s, 8H, Fc), δ = 2.19 (s, 6H, 
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CH3CN). 31P NMR (CDCl3, 296 K): δ = –12.99 (s). Anal. calcd for 3.1 
(C38H34BCuF4FeN2P2) (%): C, 58.01; H, 4.36; N, 3.56. Found: C, 58.37; H, 
4.30; N, 3.38. 
 
3.2 Complex 3.1 (78.6 mg, 0.1 mmol) was dissolved in CH2Cl2 (25 ml), and 
pyridine-3-carboxylic acid (12.3 mg, 0.1 mmol) was added to give a 
suspension. Three drops of Et3N were added to the suspension to give 
immediately a clear solution. This solution was stirred at ambient temperature 
for another 30 min. All of the solvent and the excess Et3N were removed in 
vacuo to produce a pale yellow precipitate (64.3 mg 87%). (If necessary, 
further recrystallization from CH2Cl2-hexane can be carried out.) 1H NMR 
(CDCl3, 296 K): δ = 9.18 (s, 2H, Py), δ = 8.35-8.37 (d, 2H, Py), δ = 8.22-8.23 
(d, 2H, Py), δ = 7.21-7.48 (m, 42H, Ph & Py), δ = 4.22, 4.31 (s, 16H, Fc). 31P 
NMR (CDCl3, 296 K): δ = –16.026 (s). IR (KBr): υ(COO)asym = 1607 cm-1; 
υ(COO)sym = 1376, 1308 cm-1. Anal. calcd for 2·2CH2Cl2 
(C82H68Cl4Cu2Fe2N2O4P4) (%): C, 59.69; H, 4.15; N, 1.70. Found: C, 59.72; 
H, 4.49; N, 1.84. 
 
3.3 The synthetic procedure was similar to that of 3.2, except that (E)-3-
(pyridin-3-yl)acrylic acid (14.9 mg, 0.1 mmol) was used instead of pyridine-3-
carboxylic acid. Complex 3.3 was obtained as a yellow precipitate in a yield of 
87%. 1H NMR (CDCl3, 296 K): δ = 9.13 (s, 2H, Py), δ = 8.34 (s, 2H, Py), δ = 
8.16-8.17 (d, 2H, Py), δ = 7.84-7.86 (d, 2H, Py), δ = 7.21-7.48 (m, 42H, Ph & 
Acr), δ = 6.49, 6.52 (d, 2H, Acr), δ = 4.19, 4.36 (s, 16H, Fc). 31P NMR (CDCl3, 
296 K): δ = –16.213 (s). IR (KBr): υ(COO)asym=1605 cm-1; υ(COO)sym=1377, 
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1307 cm-1. Anal. calcd for 3·2CH2Cl2 (C86H72Cl4Cu2Fe2N2O4P4) (%): C, 60.69; 
H, 4.26; N, 1.65. Found: C, 60.34; H, 4.38; N, 1.72. 
 
3.4 The synthetic procedure was similar to that of 3.2, except that 3-(pyridin-
4-yl)benzoic acid (19.9 mg, 0.1 mmol) was used instead of pyridine-3-
carboxylic acid. Complex 3.4 was obtained as a yellow precipitate in a yield of 
90%. 1H NMR (CDCl3, 296 K): δ = 8.38 (s, 2H, C6H4 of PC), δ = 8.23-8.24 
(d, 4H, Py), δ = 8.20-8.21 (d, 2H, C6H4 of PC), δ = 7.63-7.65 (d, 2H, C6H4 of 
PC), δ = 7.21-7.48 (m, 46H, Ph & Py), δ = 4.21, 4.33 (s, 16H, Fc). 31P NMR 
(CDCl3, 296 K): δ = –16.174 (s). IR (KBr): υ(COO)asym = 1610 cm-1; 
υ(COO)sym = 1377, 1307 cm-1. Anal. calcd for 4·3CH2Cl2 
(C95H78Cl6Cu2Fe2N2O4P4) (%): C, 60.47; H, 4.17; N, 1.48. Found: C, 60.34; H, 
4.38; N, 1.72. 
 
3.4.3 X-Ray Diffraction Study 
 
The crystals of 3.1-3.4 were isolated by slow diffusion of hexane into the 
solution of purified complexes in CH2Cl2 or CHCl3. The crystallographic 
measurements were carried out on a Bruker SMART CCD diffractometer for 
3.1, 3.2 and 3.4 at 100 K and on a Bruker APEX II for 3.3 at 123 K. The two 
instruments were both equipped with graphite-monochromated Mo Kα 
radiation (λ=0.71073 Å). The program SMART39 was used for collecting 
frames of data, indexing reflections, and determining lattice parameters, 
SAINT for integration of the intensity of reflections and scaling, SADABS40 
for absorption correction, and SHELXTL41,42 for space group and structure 
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determination and least squares refinements on F2. The relevant 
crystallographic data and refinement details are shown in Table 3.6 and Table 
3.7. The region of disordered electron density was removed from the structure 
and the data were treated with the SQUEEZE routine in PLATON.43,44 
 
3.1 The asymmetric unit contains one cation C38H34N2P2FeCu, one anion BF4-, 
two acetonitrile and two waters. One of the acetonitrile was 28% replaced by 
two waters. H atoms of the two partially occupied waters cannot be located. 
 
3.2 The asymmetric unit contains half a molecule of the compound 
C80H64N2O4P4Fe2Cu2 and three chloroform molecules. One of the chloroform 
was disordered into two positions with occupancy ratio 0.83/0.17. Restraints 
in bond lengths and thermal parameters were applied to the disordered 
chloroform. 
 
3.3 CH2Cl2 and Hexane adopt positional as well as symmetry disorder. The 
symmetry is suppressed by PART–1 instruction and their occupancy factors 
were fixed at 0.5. The hydrogen atoms on the disordered solvates were not 
located. 
 
3.4 The asymmetric unit contains half a molecule of the compound 










Table 3.6 Summary of crystallographic parameters and refinement results of 3.1 and 
3.2. 
 3.1 3.2 
Empirical formula C41.50H40.25BCuF4FeN3.50O0.50P2 
C80H64N2O4P4Fe2Cu2 
Temperature(K) 100(2) 100(2) 
Formula weight 864.16 1478.11 
Crystal system Monoclinic Triclinic 
a(Å) 12.6230(11) 12.2571(11) 
b(Å) 22.748(2) 13.0080(11) 
c(Å) 13.7783(13) 17.1720(15) 
α (°) 90 69.889(2) 
β (°) 95.899(3) 74.951(2) 
γ (°) 90 64.823(2) 
Volume(Å3) 3935.5(6) 2305.9(3) 
Z 4 1 
Dcalc(mg/m3) 1.459 1.582 
Absorption 
coefficient(mm-1) 1.046 1.404 
F000 1775 1108 
Crystal size(mm3) 0.50 × 0.36 × 0.18 0.36 × 0.22 × 0.16 
Index ranges -16<=h<=15 -15<=h<=15 
 -27<=k<=29 -16<=k<=16 
 -17<=l<=17 -22<=l<=22 
R1 a, wR2 b(all data) 0.0605, 0.1145 0.0842, 0.1481 
Final R1, wR2 0.0473, 0.1084 0.0592, 0.1367 
GOF c 1.042 1.034 
Largest diff. peak 
and hole(eÅ-3) 0.706 and -0.377 1.470 and -0.865 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. b wR2 = {wΣ(|Fo|-|Fc|)2/Σw|Fo|2}}1/2. c GOF = {Σw(|Fo|-|Fc|)2/(n-















Table 3.7 Summary of crystallographic parameters and refinement results of 3.3 and 
3.4. 
 3.3 3.4 
Empirical formula C85H71BCl2Cu2F4Fe2N2O4P4 C92H72N2O4P4Fe2Cu2 
Temperature(K) 123(2) 100(2) 
Formula weight 1704.81 1630.17 
Crystal system Monoclinic Triclinic 
a(Å) 19.6698(15) 10.020(2) 
b(Å) 19.8141(16) 13.571(3) 
c(Å) 20.7723(15) 14.976(3) 
α (°) 90 92.454(5) 
β (°) 112.112(2) 92.402(5) 
γ (°) 90 92.877(5) 
Volume(Å3) 7500.3(10) 2030.0(8) 
Z 4 1 
Dcalc(mg/m3) 1.510 1.474 
Absorption 
coefficient(mm-1) 1.159 1.132 
F000 3488 924 
Crystal size(mm3) 0.38 × 0.30 × 0.28 0.54 × 0.34 × 0.20 
Index ranges -24<=h<=25 -13<=h<=12 
-25<=k<=25 -17<=k<=17 
-26<=l<=23 -19<=l<=19 
R1 a, wR2 b(all data) 0.0976, 0.1482 0.0877, 0.1501 
Final R1, wR2 0.0624, 0.1347 0.0603, 0.1383 
GOF c 1.064 1.035 
Largest diff. peak and 
hole(eÅ-3) 0.898 and -1.633 1.065 and -0.989 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. b wR2 = {wΣ(|Fo|-|Fc|)2/Σw|Fo|2}}1/2. c GOF = {Σw(|Fo|-|Fc|)2/(n-
p)}1/2, where n is the number of reflections and p is total number of parameters 
refined. 
 
3.4.4 Variable Temperature Emission Study 
 
For variable temperature (VT) emission measurements, the sample was film-
coated on silica plate by slow evaporation of its CH2Cl2 solution. Then the 
silica plate was mounted on the cold finger of a closed-cycle cryostat (Janis 
SHI-4-5) and excited by the 325 nm line of a He–Cd laser (Kimmon 
KR1801C). The excitation power of the laser was 20 mW. The 
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photoluminescent signal was dispersed through a monochromator (Acton 
SpectraPro 2300i) and detected with a liquid N2 cooled CCD detector 












Figure 3.13 ESI-Mass Spectra of 3.4 showing the fragments (L is 3-(pyridin-4-
yl)benzoic acid).  
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Metal-organic frameworks (MOFs) and related supramolecular assemblies 
have attracted much attention as a new generation of functional materials with 
rich potential in molecular recognition and sensor, gas adsorption, separation 
as well as catalysis.
1-4
 Among the synthetic methods developed for these 
materials, the most commonly used method involves the spontaneous self-
assembly of metal and organic ligand spacers.
5-13
 Porosity or channel 
characteristics can be adjusted by the spacer dimension and the functional 
groups it carries.
14-19
 The overall topology of the MOF framework is 
determined by a mixture of complicated factors that govern metal-spacer 
association. One of the well-known MOF systems is assembled using 
carboxylate ligands by taking advantage of their diverse coordination 
modes.
20-23
 Continuous interest in these modified MOF systems involves 





From Chapters 2 and 3 and our group’s previous work on pyridyl 
carboxylate,
28-30
 highly-packed frameworks could not be constructed when the 
bulky ligands, such as dppf and PPh3, were used as supporting ligands. 
Encouraged by these and as part of our continual investigations on pyridyl 
carboxylate hybrid ligands, bipyridyl group was introduced as supporting 
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ligands in the Cu(I) pyridyl carboxylate system. However, the crystal 
structures could not be elucidated. Hence, by replacing Cu(I) with Cu(II), the 
self-assembly of pyridyl carboxylates with Cu(II) using bipyridyl as 
supporting ligand took place, giving three new MOFs with different 
configurations, i.e., square ring (4.1), square tunnel (4.2) and square chain 




Figure 4.1 Top views of the structures of (a) 4.1, (b) 4.2 and (c) 4.3. Cu atoms are 
represented in cyan; N atoms are represented in blue and O atoms in red (Hydrogen 






4.2 Results and Discussion 
 
4.2.1 Synthesis and Characterization of Complexes 4.1-4.3 
 
All the three complexes were synthesized under ambient conditions by mixing 
the solutions of Cu(ClO4)2∙6H2O in MeOH, chelating bipyridyl ligand in 
CH2Cl2 and linker ligands in MeOH (Scheme 4.1), giving blue solids upon 
work up. Using 5,5'-dimethyl-2,2'-bipyridine (5-dmpy) and 4-
pyridylcarboxylic acid (HL1) as spacer gave [{Cu2(5-
dmpy)2(L1)2(H2O)(MeOH)}2{ClO4}4]∙4MeOH (4.1∙4MeOH). Replacement of 
L1 with HL2 ((E)-3-(pyridin-3-yl)acrylic acid) gives [{Cu2(5-
dmpy)2(L2)2}2{ClO4}4]n∙3n(EtOH) (4.2∙nEtOH) with a square tunnel structure. 
When 5-dmpy was replaced by more bulky supporting ligand 4,4'-di-tert-
butyl-2,2'-bipyridine (4-dbpy) and HL1 by longer spacer HL3 ((E)-3-(pyridin-
4-yl)acrylic acid), [Cu4(4-dbpy)4(L3)4(ClO4)4]n (4.3) with square chain 






Scheme 4.1 Synthesis of square ring (4.1), square tunnel (4.2) and square chain (4.3) 
by one-pot self-assembly. 
 
4.2.2 Crystal Structure Determination of Complexes 4.1-4.3 
 
X-ray single-crystal crystallographic analysis of 4.1 revealed a Cu(II) metallo-
square. The four copper atoms in the ring are bridged by L1 ligand with a 
head-to-tail arrangement, using its monodentate carboxylate oxygen and 
pyridyl nitrogen donors (<O1-Cu1-N2 89.42(9) °, <O3A-Cu2-N1 87.75(9) °) 
(Figure 4.2b). The four Cu(II) centers within the metallomacrocycle are 
positioned within the same plane (deviation of 0.000 Å). A chelating bipyridyl 
at the equatorial position and an axial O atom (O5 from MeOH and O6 from 
H2O) complete a distorted s.q. pyramidal geometry of Cu(II). The selected 






Figure 4.2 Framework of 4.1 showing (a) packing pattern with perchlorate well-
distributed outside the square structure; (b) cationic square with coordinated H2O and 
MeOH, bipyridyl and hydrogen atoms removed for clarity; A: −x + 1, −y, −z + 2; (c) 
stacked and aligned quadrangular conduit; (d) H-bonding between neighbouring Cu4 
ring, exampled as O6-H6X-O4A’ and O4-H4AX’-O6A’. 
 
Table 4.1 Selected Bond Lengths and Bond Angles for 4.1. 
bond lengths/Å bond angles/deg 
Cu1 - O1 1.948(2) O1 - Cu1 - N3 168.35(9) 
Cu1 - N2 2.002(2) O1 - Cu1 - N2 89.42(9) 
Cu1 - O5 2.273(2) N3 - Cu1 - N2 97.24(10) 
Cu2 - O3A 1.9747(19) O1 - Cu1 - N4 91.36(9) 
Cu2 - N1 1.996(2) N3 - Cu1 - N4 81.62(10) 
Cu2 - O6 2.250(2) N2 - Cu1 - N4  177.58(10) 
  O1 - Cu1 - O5  94.50(8) 
  N3 - Cu1 - O5  94.14(9) 
  N2 - Cu1 - O5 97.17(9) 
  N4 - Cu1 - O5 85.05(9) 
  O3A - Cu2 - N5 92.74(9) 
  O3A - Cu2 - N1 87.75(9) 
  N5 - Cu2 - N1  178.13(10) 
  O3A - Cu2 - N6 157.96(9) 
  N5 - Cu2 - N6  81.33(10) 
  N1 - Cu2 - N6  97.55(10) 
  O3A - Cu2 - O6 103.30(9) 
  N5 - Cu2 - O6  90.94(9) 
  N1 - Cu2 - O6 90.70(9) 






The cation of 4.1 is assembled as macrocycle with a +4 charge. Its electric 
neutrality is maintained by perchlorate anions outside the 
metallosupramolecular cavity but at the intersection of three of the connecting 
squares (Figure 4.2a). The four Cu(II) atoms are divided into two sets (Cu1 
and Cu2) (Figure 4.2b), carrying MeOH (O5) and H2O (O6), respectively. 
This difference is exemplified in the two unequal sides of the square (Cu…Cu 
distances of 8.84 Å and 8.76 Å). The higher steric effect of MeOH is also 
manifested into minimum π-π interactions between the neighbouring 
bipyridyls at Cu1 but significant π-π interactions between those at Cu2 




Figure 4.3 Interaction between neighbouring parallel bipyridyl rings of 4.1. (Same 
plane colour means the same nanotube). 
 
The bipyridyl ligand hence serves two key functions - to provide a shield on 
each copper to prohibit secondary coordination from giving a 3-D network, 
and to provide the axis for π-π contact whereby individual quadrangular 
cupromacrocycle rings can be stacked and aligned. This intermolecular 
interaction is strengthened by H-bonding between the aqua (O6) and 
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neighboring carboxylates (Figure 4.2d). They collectively help to juxtapose 
the rings to stack upon each other to give a quadrangular conduit (Figure 
4.2c). This is different from the most common pyridyl based square ring in 





 Similar to 4.1, the four copper atoms in each repeating ring of 4.2 are 
connected by L2 ligand with a head-to-tail arrangement (Figure 4.4b). A 
conduit lined by a continuum of square pyramidal Cu2 interconnected by 
bridging carboxylate and terminal pyridyl is evident (Figure 4.4a). The 
electro-neutrality of the compound is maintained by the presence of 
perchlorate anions located between the nanotubular structures (Figure 4.4c), 
which resembles that found in 4.1. The change of the nitrogen disposition 
from 4- (or para- in L1) to 3- (or meta- in L2) position with respect to the 
acrylate alters the direction of polymeric propagation from horizontal (in 4.1) 
to diagonal (in 4.2), thus allowing four orthogonal points of interconnection in 
every Cu2 node. This resulted in a novel matrix of continuum spirals that 
define the wall of the nano-conduit with a side-to-side distance of 11.437 × 
9.037 Å
2. The π-π interaction33 between bipyridine ligands (plane distance 
3.69 Å; center distance 4.42 Å) of neighboring channels adds strength to the 
tubular network (Figure 4.5). The selected bond lengths and angles are shown 






Figure 4.4 Framework of 4.2 giving (a) side view of the continuum of the nanotube 
showing coordination mode of the pyridyl carboxylate spacer ligands; (b) repeating 
square unit with the coordination mode of the Cu center (bipyridine ligands are 




Figure 4.5 Interaction between neighbouring parallel bipyridyl rings of 4.2. Dihedral 
angle between two bipyridyl rings from the same Cu2 node is 8.609 ˚ (Same plane 









Table 4.2 Selected Bond Lengths and Bond Angles for 4.2. 
bond lengths/Å bond angles/deg 
Cu1 - O3 1.951(3) O3 - Cu1 - O1A 90.92(11) 
Cu1 - O1A 1.955(3) O3 - Cu1 - N3 95.28(12) 
Cu1 - N1 2.186(3) O1A - Cu1 - N3 157.28(12) 
Cu2 - O2B 1.949(3) O3 - Cu1 - N4 174.42(13) 
Cu2 - O4C 1.964(2) O1A - Cu1 - N4 90.92(12) 
Cu2 - N2 2.236(4) N3 - Cu1 - N4 81.07(13) 
  O3 - Cu1 - N1 88.18(12) 
  O1A - Cu1 - N1 98.20(12) 
  N3 - Cu1 - N1 103.81(13) 
  N4 - Cu1 - N1 96.77(13) 
  O2B - Cu2 - O4C 95.59(11) 
  O2B - Cu2 - N5 171.64(12) 
  O4C - Cu2 - N5 91.56(11) 
  O2B - Cu2 - N6 91.28(12) 
  O4C - Cu2 - N6 164.19(13) 
  N5 - Cu2 - N6 80.74(12) 
  O2B - Cu2 - N2 88.83(12) 
  O4C - Cu2 - N2 90.34(12) 
  N5 - Cu2 - N2 95.47(12) 
  N6 - Cu2 - N2 104.05(12) 
 
X-ray crystallographic analysis of 4.3 gave a stair-stepping chain by a 
continuum of Cu4 square ring (9.969 Å × 10.839 Å, measured between the Cu 
centres) interconnected by bridging μ-O type carboxylate (Figure 4.6a). In 
each metal square, the four copper atoms are connected in a ring by a singly 
bridging L3 using its monodentate carboxylate oxygen and pyridyl nitrogen 
donors (Figure 4.6b). A chelating bipyridine and O atoms from H2O (O1W 
and O1WA)/μ-O type carboxylate (O2 and O2A) completes a distorted s.q. 
pyramidal geometry. The change of the nitrogen disposition from 3- (or meta- 
in L2) back to 4- (or para- in L3) position with respect to the acrylate alters the 
direction of polymeric propagation from vertical (in 4.2) back to horizontal (in 
4.3). With μ-O carboxylate donor, it resulted in a matrix of continuum square 
chain. The steric effect of tert-butyl group in 4-dbpy does not support π-π 
interactions between bipyridine ligands of neighboring chains, suggesting that 
the chains are independent from each other (Figure 4.6c). The selected bond 
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Figure 4.6 Framework of 4.3 showing (a) Side view of the continuum of the flat 
chain showing coordination mode of the pyridyl carboxylate spacer ligands; (b) 
repeating unit of the flat chain with the coordination mode of the Cu center 
(bipyridine ligands are omitted for clarity); A: −x + 2, −y + 2, −z; (c) packing pattern 
of the separated chains. 
 
Table 4.3 Selected Bond Lengths and Bond Angles for 4.3. 
bond lengths/Å bond angles/deg 
Cu1 - O1 1.973(4) O1 - Cu1 - N4 173.13(16) 
Cu1 - N2 2.009(4) O1 - Cu1 - N3 92.66(16) 
Cu1 - O1W 2.172(5) N4 - Cu1 - N3 80.62(18) 
Cu2 - O3A 1.940(4) O1 - Cu1 - N2 91.55(17) 
Cu2 - O2C 1.958(4) N4 - Cu1 - N2 95.07(18) 
Cu2 - N1 2.247(4) N3 - Cu1 - N2 152.33(17) 
  O1 - Cu1 - O1W 88.97(18) 
  N4 - Cu1 - O1W 91.8(2) 
  N3 - Cu1 - O1W 108.12(18) 
  N2 - Cu1 - O1W 99.28(19) 
  O3A - Cu2 - O2C 92.62(16) 
  O3A - Cu2 - N5 91.65(18) 
  O2C - Cu2 - N5 172.45(18) 
  O3A - Cu2 - N6 166.80(17) 
  O2C - Cu2 - N6 94.21(15) 
  N5 - Cu2 - N6 80.41(17) 
  O3A - Cu2 - N1 90.07(16) 
  O2C - Cu2 - N1 87.19(16) 
  N5 - Cu2 - N1 99.04(18) 






4.2.3 N2 and CO2 BET Study of Complexes 4.1 - 4.3 
 
Preliminary gas sorption studies were carried out on these three materials. 
While all of the three frameworks are not active toward N2 at 77 K (BET 
values are 14.3, 5.8 and 2.7 m
2·g-1, for 4.1, 4.2 and 4.3), they bind CO2 at low 
pressures and 195 K, with the overall CO2 uptake capacity increases in the 
order of 4.1 < 4.3 < 4.2 (Figure 4.7). The best performing material is 4.2, 
which is able to adsorb up to 59.1 cm
3·g−1 of CO2 at the pressure of 700 
mmHg, while the maximum capacities of SR and SC are about 12.3 and 28.9 
cm
3·g−1, respectively. The different gas sorption behaviour of these three 
materials suggests the influence of spacers on the topology and porosity. Their 
preference towards CO2 points to the harness of polarised carboxylate groups 
towards affinity of CO2 that has a quadruple moment.
34,35
 Possible H-bonding 






































Figure 4.7 CO2 absorption (solid squares) and desorption (open squares) isotherms 






In conclusion, the use of pyridyl carboxylate has produced three new MOFs. 
The structures revealed that a straight to obtuse change in the relative donor 
orientation and length of the spacer is sufficient to guide the assembly from a 
ring-stack to a continuum nanotube to a continuum ring-chain. This is 
achieved by changing from a horizontal (4- (or para-)) to diagonal (3- (or 
meta-)) polymeric propagation. Their production from simple one-step and 
one-pot spacer-driven self-assembly methodology offers a distinct advantage 
over other engineering materials. Their different structural forms are 
manifested in different affinity towards their sorption affinity towards CO2. 
Future developments will be devoted to the synthesis of longer and more rigid 
pyridyl carboxylates that can enhance the harvestable porosity and enlarge the 






4.4.1 General Procedures and Materials 
 
General Details. All chemicals used in the synthesis were of reagent grade 
quality from commercial sources and used as received. Elemental analyses 
were performed by the Elemental Analysis Laboratory with Perkin-Elmer PE 
2400 elemental analyzer. Thermogravimetric analysis (TGA) was performed 
on TA Instruments SDT 2960 Simultaneous DTA-TGA equipment from r.t. to 
1000 ℃ under N2 atmosphere at a heating rate of 10 ℃∙min
-1
. Infrared spectra 
were recorded on the Varian 3100 FT-IR spectrometer using KBr pellets. 
Powder X-ray diffraction (PXRD) spectra were recorded on Bruker D8 
General Area Detector Diffraction System (GADDS) XRD micro-
diffractometer equipped with a VANTEC-2000 area detector with Φ rotation 
method. The X-ray generated from a sealed Cu tube was monochromated by a 
graphite crystal and collimated by a 0.5 mm MONOCAP (λ Cu-Kα = 1.54178 
Å). The tube voltage and current were 40 kV and 40 mA.  
 
4.4.2 Preparation of Complexes 4.1-4.3 
 
4.1. A solution of 5,5'-dimethyl-2,2'-bipyridine (18.4 mg, 0.10 mmol) in 
CH2Cl2 (5 ml) was added to the solution of Cu(ClO4)2·6H2O (36.9 mg, 0.10 
mmol) in MeOH (5 ml) drop by drop with stirring. The solution was further 
stirred at ambient temperature for half an hour. Then the solution of 
isonicotinic acid (12.3 mg, 0.10 mmol) in MeOH (5 ml) was added to the 
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solution drop by drop with stirring. The resultant clear solution was stirred at 
ambient temperature for another half an hour. After filtration, the resultant 
clear solution was allowed to stand at ambient temperature for a few days and 
blue crystals were formed. The solid product was washed with MeOH, and 
further air dried prior to elemental analysis. (yield: 36.5 mg, 74%) Elemental 
analysis of the air-dried sample [{Cu2(4-
dmpy)2(L1)2(H2O)(CH3OH)}{ClO4}2]2·1.5CH2Cl2 (4.1·1.5CH2Cl2) was 
performed. (%) calcd for C75.5H79Cl7Cu4N12O28: C 43.08, H 3.78, N 7.99, 
found C 42.95, H 3.55, N 8.26. 
 
4.2 was synthesized using a similar procedure that of 4.1, but using 5,5'-
dimethyl-2,2'-bipyridine (18.4 mg, 0.10 mmol) in EtOH (5 ml), 
Cu(ClO4)2·6H2O (36.9 mg, 0.10 mmol) in H2O (5 ml) and (E)-3-(pyridin-3-
yl)acrylic acid (14.9 mg, 0.10 mmol) in H2O (5 ml) instead. 4.2 was isolated 
as blue crystals. It was washed with H2O and EtOH, and further air dried prior 
to elemental analysis. (yield: 34.0 mg, 69%) Elemental analysis of the air-
dried sample [{Cu2(5-dmpy)2(L2)2}2{ClO4}4]n∙8nH2O (2·8H2O) was 
performed. (%) calcd for C80H88Cl4Cu4N12O32: C 45.20, H 4.17, N 7.91, found 
C 45.04, H 4.36, N 8.18. 
 
4.3 was synthesized using a similar procedure that of 4.1, but using 4,4'-di-
tert-butyl-2,2'-bipyridine (26.8 mg, 0.10 mmol) in MeOH (5 ml), 
Cu(ClO4)2·6H2O (36.9 mg, 0.10 mmol) in MeOH (5 ml) and (E)-3-(pyridin-4-
yl)acrylic acid (14.9 mg, 0.10 mmol) in MeOH (5 ml) instead. 4.3 was isolated 
as blue crystals. It was washed with MeOH, and further air dried prior to 
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elemental analysis. (yield: 37.0 mg, 64%) Elemental analysis of the air-dried 
sample [Cu4(4-dbpy)4(L3)4(ClO4)4]n∙16nH2O (2·16H2O) was performed. (%) 
calcd for C104H152Cl4Cu4N12O40: C 47.93, H 5.88, N 6.45, found C 47.52, H 
6.12, N 6.32.  
 
4.4.3 X - Ray Diffraction Study 
 
The crystallographic measurements were carried out on a Bruker SMART 
CCD diffractometer for 4.1 and 4.2 at 100K and on a Bruker APEX II for 4.3 
at 123K. The two instruments were both equipped with graphite-
monochromated Mo Kα radiation (λ = 0.71073 Å). The program SMART37 
was used for collecting frames of data, indexing reflections, and determining 
lattice parameters, SAINT for integration of the intensity of reflections and 
scaling, SADABS
38
 for absorption correction, and SHELXTL
39,40
 for space 
group and structure determination and least squares refinements on F
2
. The 
relevant crystallographic data and refinement details are shown in Table 4.4. 
The region of disordered electron density was removed from the structure and 




4.1 The asymmetric unit contains half a cation of C74H76N12O12Cu4, two anion 
ClO4
–
 and two methanol. One of the Anion was disordered with the O atoms 
occupying two different positions with occupancy ratio 0.50/0.50. One of the 





4.2 The asymmetric unit contains one cation C40H36N6O4Cu2, two anion ClO4
–
 
and three half occupied ethanol solvents. Upon packing and growing, the 
complex forms a polymeric network. Restraints in bond lengths and thermal 
parameters were applied to the solvent molecules. 
 
4.3 The two anion ClO4
–
 displayed rotational and positional disorder and their 
relative occupancies were refined to 0.56/0.44 and 0.60/0.40, respectively. The 
locations of the two hydrogen atoms on the coordinated water were suggested 
by Calc-OH program in WinGX suite. The two hydrogens calculated were 
then restrained at O-H = 0.85 Å and Uiso(H) = 1.2 Ueq(O). A large amount of 
spatially delocalized electron density in the lattice was found but acceptable 
refinement results could not be obtained for this electron density. The solvent 
















Table 4.4 Summary of crystallographic parameters and refinement results of 4.1, 4.2 
and 4.3. 









2105.60 1059.83 1177.06 
Crystal 
system 
Triclinic Monoclinic Monoclinic 
Space group P-1 C2/c P2(1)/c 
Temperature(
K) 
100(2) 100(2) 123(2) 
a (Å) 7.1195(9) 20.797(6) 15.5447(15) 
b (Å) 17.584(2) 31.115(10) 9.9691(10) 
c (Å) 18.791(2) 15.688(5) 41.113(4) 
α (°) 105.772(2) 90.00 90.00 
β (°) 95.212(3) 107.596(6) 90.601(3) 
γ (°) 96.396(3) 90.00 90.00 
Volume(Å3) 2231.6(5) 9677(5) 6370.8(11) 
Z 1 8 4 




1.150 1.058 0.809 
F(000) 1084 4360 2448 
Crystal 
size(mm3) 
0.36 × 0.15 × 0.09 0.40 × 0.30 × 0.30 0.40 × 0.26 × 0.12 
Index ranges 
-9 ≤ h ≤ 9 -24 ≤ h ≤ 24 -20 ≤ h ≤ 20 
-22 ≤ k ≤ 22 -37 ≤ k ≤ 28 0 ≤ k ≤ 12 





0.0579, 0.1305 0.0827, 0.2056 0.1142, 0.2520 
Final R1, wR2 0.0450, 0.1191 0.0704, 0.1943 0.0986, 0.2438 




1.015 and -1.353 1.301 and -0.607 3.049 and -1.294 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. 
b wR2 = {wΣ(|Fo|-|Fc|)
2/Σw|Fo|
2}}1/2. c GOF = {Σw(|Fo|-|Fc|)
2/(n-
p)}1/2, where n is the number of reflections and p is total number of parameters 
refined. 
 
4.4.4 Surface Study 
 
Gas sorption isotherms were measured with a Micromeritics ASAP 2020 
Surface Area and Porosity Analyzer. An oven-dried sample tube equipped 
118 
 
with a TranSeal™ (Micromeritics) was weighed. The sample was transferred 
into the sample tube, which was then capped by a TranSeal™. The sample 
was heated to 120°C under a vacuum of 2 mtorr for 16 hours. The evacuated 
sample tube was weighed again at which point the outgas rate was less than 2 
mtorr/minute and the sample mass was determined by subtracting the mass of 
the previously weighed tube. The N2 and CO2 isotherms were measured using 
































Figure 4.13 IR spectrum of 4.3. 
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Figure 4.15 Powder-XRD of 4.1 (top left), 4.2 (top right) and 4.3 (bottom). 
 
























































































Figure 4.16 N2 isotherm Linear Plot (77 K) measured for of 4.1 (top left), 4.2 (top 
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Metal-organic nanotubes (MONs)1-3 are a new class of materials exhibiting 
rich potential in selective gas sorption, solute transport and delivery, shape-
directed nanostructure fabrication, small molecule synthesis and ion 
exchanges applications. A major challenge in this field is establishing simple 
self-assembly methods4 to direct or engineer channels of desirable shape, 
porosity and morphology. This is exemplified in the selective assembly of 
polygonal conduits that can be assembled by, at one end, aligned stacking of 
polygons, or, at the other extreme, intertwine of 1-D polymers in giving 
continuum and “crack-free” channels. There are many examples of the 
former,5-9 but much less is known on the latter.10-13 Currently, there are also no 
simple ligand systems that can direct the self-assembly to both forms. 
 
In the previous chapter, three different MOFs based on square units were 
studied and we found the highly packed tubular structure 4.2 to demonstrate 
the highest CO2 absorption capacity. In this chapter, we design another two 
tubular structures by modifying the ligands used in 4.2. The novelty using of 
two isomers of pyridinyl-acrylic acid, viz. (E)-3-(pyridin-4-yl)acrylic acid (L1) 
and (E)-3-(pyridin-3-yl)acrylic acid (L2), supported by an ancillary bipyridyl, 
in a one-pot self-assembly process seeks to target the formation of a hexagonal 
ring, while selectively enabling topological direction to 5.1, stacking of 
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discrete rings, or 5.2, intertwine of 1-D spirals (Figure 5.1). This discovery of 
an unusually simple method with readily available synthons fuels the 
enthusiasm that designed assembly of polygonal conduits (“coordination 





Figure 5.1 Left - Top view of 5.1 showing a water channel within a macrocyclic 
stack-sheet structure; Right - Top view of 5.2 showing hexagonally packed EtOH 




5.2 Results and Discussion  
 
5.2.1 Synthesis and Characterization of Complexes 5.1-5.2  
 
Mixture of three solutions, viz. Cu(ClO4)2·6H2O in H2O, 5-dmpy (5,5'-
dimethyl-2,2'-bipyridine) in EtOH and L1 ((E)-3-(pyridin-4-yl)acrylic acid) in 
H2O in a single reaction pot at r.t. resulted, upon work-up, the isolation of a 
blue solid formulated as [{Cu(5-dmpy)(L1)(H2O)}{ClO4}]6·15H2O 
(5.1·15H2O). Replacement of 5-dmpy by 4-dmpy (4,4'-dimethyl-2,2'-
bipyridine) and L1 by L2 ((E)-3-(pyridin-3-yl)acrylic acid) in the synthesis 





Scheme 5.1 Synthesis of [{Cu(5-dmpy)(L1)(H2O)}{ClO4}]6·15H2O (5.1·15H2O) and 
[{Cu(4-dmpy)(L2)}{ClO4}]6n·2nEtOH (5.2·nEtOH) by one-pot self-assembly (For 





5.2.2 Crystal Structure Determination of Complexes 5.1-5.2 
 
X-ray single-crystal crystallographic analysis of 5.1 at 100 K revealed a 
hexacationic and hexagonal Cu(II) metallomacrocycle (Cu…Cu diagonal 
distance 20.30 Å) in which the six copper atoms are connected in a ring by a 
singly bridging L1 using its monodentate carboxylate oxygen and pyridyl 
nitrogen donors (<O-Cu-N 90.79 (9) °). The repeating unit of 5.1 is shown in 




Figure 5.2 Repeating unit of 5.1 (hydrogen and anion were not shown for the clarity). 
 
Table 5.1 Selected Bond Lengths and Bond Angles for 5.1. 
bond lengths/Å bond angles/deg 
Cu1 - O1# 1.988(2) O1# - Cu1 - N3  90.24(9) 
Cu1 - N1  2.006(2) O1 - Cu1 - N1  90.79(9) 
Cu1 - O1W  2.207(2) N3 - Cu1 - N1  175.54(10) 
  O1# - Cu1 - N2  158.65(9) 
  O1# - Cu1 - O1W  95.41(13)  
  N1 - Cu1 - N2  96.63(10) 
  N3 - Cu1 - O1W 94.56(9) 
  N1 - Cu1 - O1W 89.66(10) 
  N2 - Cu1 - O1W 104.60(13) 
 
The six Cu(II) centers within a metallomacrocycle are uniformly positioned 
below and above the central plane with the deviation of 2.6241 Å (Figure 
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5.3a). An equatorial chelating bipyridine and axial aqua (O1W) complete a 




Figure 5.3 Side view of 5.1 showing (a) the chair-like formation of the copper 
hexagons; (b) coordination mode and connectivity of the spacer with the hexagonal 
stack pyridyl carboxylate ligands; (c) two sets of crystallographically unique water 
molecules assembled in form of intercalation of a flattened hexagonal oxygen (O2W) 
ring (green) and a chair-like oxygen (O3W) ring (purple). 
 
Similar to complex 4.1 in Chapter 4, the bipyridyl serves two key functions; – 
firstly to provide a shield on each copper atom to prohibit secondary 
coordination thereby resulting in a 3-D network, and secondly to provide an 
axis for π-π interaction whereby individual hexagonal cupromacrocycle rings 
can be stacked and aligned. This intermolecular interaction is strengthened by 
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excludes the presence of EtOH solvate (Figure 5.5). These 27 water molecules 
corresponds to 9 H2O for each Cu6 unit (Z = 3). The O2W and O3W 
separation of 2.350(15) Å (< O3W-H1W3-O2W 130.2 °) suggest H-bonding 
between the two water rings. The primary aqua (O1W) are not pointed 
towards the center of the cavity, thus limiting their participation in H-bonding 
with the secondary aqua in the channel. Short separations between the 
coordinated carboxylate O atoms (O1) and the channel water (O2W) 
(O2W···O1 2.736(3) Å; < O2W-H2W2-O1 167.8 °) suggest additional 
hydrogen bonding between the secondary water and the carboxylate ligands. 
This is reminiscent of the water molecules in single-walled carbon nanotubes 
(SWCNTs).8 This hydrate channel is related but different from the most 
common polymorph of ice, viz. hexagonal ice I (ice Ih),14 which consists of 
sheets of tessellating hexamers in chair conformations linked together through 
an extensive hydrogen-bonding network (average O−H···O distance of 2.75 Å 
and H−O−H bond angle of 109 ° for ice Ih). From the top view of 5.1 (Figure 
5.1 left), the 12 secondary hydate molecules form hexagonal ice within the 
cavity; however, the diameter of the hexagonal ice inside is much larger than 
the most common polymorph of ice Ih. The interatomic distance of O2w is 
6.106 Å and the interatomic distance of O3W is 6.813 Å, which suggest that 
there is almost no hydrogen-bonding within the hexagonal ice. It is also 
notable that the construction of ice Ih is via single-sheets of tessellating 
hexamers in chair conformations, but in our case, the hexagonal ice are 






Figure 5.5 IR spectrum of 5.1. 
 
X-ray crystallographic analysis of 5.2 gave a conduit lined by a continuum of 
s.q. pyramidal Cu2 interconnected by bridging carboxylate and terminal 
pyridyl. The repeating unit of 5.2 is shown in Figure 5.6 and the selected bond 




Figure 5.6 Repeating unit of 5.2 (hydrogen and anion were not shown for the clarity). 
 
Table 5.2 Selected Bond Lengths and Bond Angles for 5.2. 
bond lengths/Å bond angles/deg 
Cu1 - O1  1.948(2) O1 - Cu1 - O2# 93.92(7) 
Cu1 - O2  1.9537(17) O1 - Cu1 - N2 167.21(8) 
Cu1 - N1  2.2191(14) O2 - Cu1 - N2 92.59(8) 
  O1 - Cu1 - N3 90.44(8) 
  O2 - Cu1 - N3 165.13(8) 
  N2 - Cu1 - N3 80.61(9) 
  O1 - Cu1 - N1# 87.67(6) 
  O2# - Cu1 - N1# 87.72(7) 
  N2 - Cu1 - N1# 103.59(8) 




Similar with effect found in Chapter 4, the change of the nitrogen disposition 
from 4- (or para- in L1) to 3- (or meta- in L2) position with respect to the 
acrylate alters the direction of polymeric propagation from horizontal (in 5.1) 
to diagonal (in 5.2), thus allowing a four orthogonal points of interconnection 
in every Cu2 node (Figure 5.7a), resulting in a matrix of continuum spirals 
(Figure 5.7b) that define the wall of the nano-conduit with a side-to-side 
distance of 15.46 Å. The π-π interaction between bipyridine ligands (3.46 Å) 












Figure 5.7 (a) Side view of 5.2 showing the connectivity of nanotube between the 
Cu2 and the carboxylate ligands (grey); (b) side view of the continuum of the 
nanotube showing coordination mode of the pyridyl carboxylate spacer ligands; (c) 
crystallographically unique EtOH molecules are located within the nanotubular 
structure, forming double triangle layer hexagonal rings (blue-green dotted line shows 
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the crystalline water is about 8% and coordination water is about 3%. Both of 
the crystalline and coordination water could be confirmed by the TGA data. 
As suggested by the single-crystal structure, the EtOH solvate were evenly 
distributed inside and in-between the tubular cavity in 5.2, from the TGA data; 
it is obvious that there were two steps equivalent of solvate lost, which is 
indicative of the solvate inside and in-between the tubular cavity. However, 
we cannot confirm whether the inside tubular cavity solvate lost first or in-
between ones. Presumably due to the explosive effect of perchlorate, the TGA 
profile of 5.2 suddenly spike again at about 280°C. All of those indicated both 
5.1 and 5.2 are compounds with relatively good thermal stability. 
 
















Figure 5.9 TGA for 5.1 and 5.2 (red and black, respectively). 
 
5.2.3 N2 and CO2 BET Study of Complexes 5.1-5.2 
 
Preliminary BET gas sorption studies were performed on these two materials. 
Both frameworks show significant higher selectivity of CO2 over N2 (27, 9 
cm3·g-1, for 5.1 and 5.2 respectively at 77 K) (BET values are 6.8 and 1.5 
m2·g-1, respectively). CO2 absorption at low pressures and 195 K (Figure 5.10) 
is notable, showing up to 109 cm3·g-1 of CO2 at the pressure of 700 mmHg for 
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5.2, and 87 cm3·g-1 for 5.1 , which revealed a type IV behavior typical for 
microporous materials with a little hysteresis between sorption/desorption 
curves.16-18 This is comparable to the reported carboxylate and phosphonate 
based metal-organic frameworks by Zhou’s and Costantino’s group.19-21 In 
addition, different from 5.1, a gating pressure at around 250 mmHg was found 
in 5.2, resulting in abrupt changes in the sorption isotherms of CO2. The 
continuum nature of the nanotube is 5.2 is probably responsible for its higher 
uptake and retention of the gases. Their stronger sorption of CO2 over N2 
suggests the advantage of using the polarity of the carboxylate groups to 
attract CO2 which has a quadrupole moment.19,22,23 
 



























Figure 5.10 CO2 absorption (solid squares) and desorption (open squares) isotherms 
(195 K) & N2 absorption (solid triangles) and desorption (open triangles) isotherms 






Self-assembly of two isomers of pyridyl carboxylates with Cu(ClO4)2 with 
bipyridyls has produced two related but distinctive forms of isoreticular 
coordinative nanotubes. This study demonstrated that a straight to obtuse 
change in the relative donor orientation of the spacer is sufficient to guide the 
assembly from a ring-stack to a continuum nanotube. This is achieved by 
changing a horizontal to a diagonal polymeric propagation, the latter of which 
is achieved through multi-point orthogonal interconnections of metals and 
spacers. Their different structural forms are manifested in different affinity 
towards solvates (water versus ethanol channels) and their sorption affinity 
towards CO2. Their production from simple spacer-driven self-assembly one-
step and one-pot methodology offers a distinct advantage over other 
engineering materials. Their water stability also offers an additional incentive 
for these materials to be used in applications such as flue gas sorption and 
cleansing. We are currently tuning the porosity of this system through 






5.4.1 General Procedures and Materials 
 
General Details. All chemicals used in the synthesis were of reagent grade 
quality from commercial sources and used as received. Elemental analyses 
were performed by the Elemental Analysis Laboratory with Perkin-Elmer PE 
2400 elemental analyzer. Thermogravimetric analysis (TGA) was performed 
on TA Instruments SDT 2960 Simultaneous DTA-TGA equipment from r.t. to 
1000°C under N2 atmosphere at a heating rate of 10 °C·min-1. Infrared spectra 
were recorded on the Varian 3100 FT-IR spectrometer using KBr pellets. 
Powder X-ray diffraction (PXRD) spectra were recorded on Bruker D8 
General Area Detector Diffraction System (GADDS) XRD micro-
diffractometer equipped with a VANTEC-2000 area detector with Φ rotation 
method. The X-ray generated from a sealed Cu tube was monochromated by a 
graphite crystal and collimated by a 0.5 mm MONOCAP (λ Cu-Kα = 1.54178 
Å). The tube voltage and current were 40 kV and 40 mA.  
 
5.4.2 Preparation of Complexes 5.1-5.2 
 
5.1 A solution of 5,5'-dimethyl-2,2'-bipyridine (18.4 mg, 0.10 mmol) in EtOH 
(5 ml) was added to the solution of Cu(ClO4)2·6H2O (36.9 mg, 0.10 mmol) in 
H2O (5 ml) drop by drop with stirring. The solution was further stirred at 
ambient temperature for half an hour. Then the solution of (E)-3-(pyridin-4-
yl)acrylic acid (14.9 mg, 0.10 mmol) in H2O (5 ml) was added to the solution 
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drop by drop with stirring. The resultant clear solution was stirred at ambient 
temperature for another half an hour. After filtration, the resultant clear 
solution was allowed to stand at ambient temperature for a few days and blue 
crystals were formed. The solid product was washed with H2O and EtOH, and 
further air dried prior to elemental analysis. (yield: 33.0 mg, 64%) Elemental 
analysis of the air-dried sample [{Cu(5-dmpy)(L2)(H2O)}{ClO4}]6·15H2O 
(5.1·15H2O)was performed. (%) calcd for C120H150Cl6Cu6N18O57: C 43.02, H 
4.51, N 7.52, found C 43.15, H 4.29, N 7.44.  
 
5.2 was synthesized using a similar procedure that of 5.1, but using 4,4'-
dimethyl-2,2'-bipyridine (18.4 mg, 0.10 mmol) in EtOH (5 ml), 
Cu(ClO4)2·6H2O (36.9 mg, 0.10 mmol) in H2O (5 ml) and (E)-3-(pyridin-3-
yl)acrylic acid (14.9 mg, 0.10 mmol) in H2O (5 ml) instead. 5.2 was isolated 
as blue crystals. It was washed with H2O and EtOH, and further air dried prior 
to elemental analysis. (yield: 37.0 mg, 75%) Elemental analysis of the air-
dried sample [{Cu(4-dmpy)(L3)}{ClO4}]6n·24nH2O (5.2·24H2O)was 
performed. (%) calcd for C120H156Cl6Cu6N18O60: C 42.33, H 4.62, N 7.41, 
found C 42.48, H 4.24, N 7.52.  
 
5.4.3 X-Ray Diffraction Study 
 
The crystallographic measurements were carried out on a Bruker SMART 
CCD diffractometer at 100 K. The instrument was equipped with graphite-
monochromated Mo Kα radiation (λ = 0.71073 Å). The program SMART24 
was used for collecting frames of data, indexing reflections, and determining 
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lattice parameters, SAINT for integration of the intensity of reflections and 
scaling, SADABS25 for absorption correction, and SHELXTL26,27 for space 
group and structure determination and least squares refinements on F2. The 
relevant crystallographic data and refinement details are shown in Table 3. 
The region of disordered electron density was removed from the structure and 
the data were treated with the SQUEEZE routine in PLATON.28,29 
 
5.1. The hydrogen atoms on the coordinated and dissociated water were 
estimated by WinGX. The position of H2w3 was further optimized by 
assuming the best possible hydrogen bonding. The water molecule were then 
refined as rigid groups with the thermal parameters constrained to Uiso(H) = 
1.2 Ueq(O) for hydrogen atoms. A large amount of spatially delocalized 
electron density in the lattice was found but acceptable refinement results 
could not be obtained for this electron density. The solvent contribution was 
then modeled using SQUEEZE in the Platon program suite. A total of 271 
electrons were found in each cell which corresponds to 27 H2O molecules. 
 
5.2. The pyridyl ring in the bridging ligand displayed positional disorder with 
the relative ratios of 0.64/0.36 refined for N1, C4-C8/N1X, C4X-C8X. Some 
spatially delocalized electron density in the lattice was found but acceptable 
refinement results could not be obtained for this electron density. The solvent 
contribution was then modeled using SQUEEZE in the Platon program suite. 





Table 5.3 Summary of crystallographic parameters and refinement results of 5.1 and 
5.2. 
 5.1 5.2 
Empirical formula C120H132Cl6Cu6N18O48 C84H84Cl4Cu4N12O26 
Formula weight 3188.38 2073.59 
Crystal system Trigonal Trigonal 
Space group R-3 P-3c1 
Temperature(K) 100(2) 100(2) 
a(Å) 45.269(6) 25.5897(19) 
b(Å) 45.269(6) 25.5897(19) 
c(Å) 6.9415(14) 14.4432(11) 
α (°) 90.00 90.00 
β (°) 90.00 90.00 
γ (°) 120.00 120.00 
Volume(Å3) 12320(3) 8190.8(11) 
Z 3 3 
Dcalc(mg/m3) 1.289 1.261 
Absorption coefficient(mm-1) 0.938 0.935 
F(000) 4914 3192 
Crystal size(mm3) 0.50 × 0.32 × 0.24 0.60 × 0.40 × 0.36 
Index ranges 
-53 ≤ h ≤ 58 -26 ≤ h ≤ 0 
-57 ≤ k ≤ 40 0 ≤ k ≤ 30 
-8 ≤ l ≤ 8 0 ≤ l ≤ 17 
R1 a, wR2 b(all data) 0.0600, 0.1537 0.0659, 0.1843 
Final R1, wR2 0.0528, 0.1487 0.0589, 0.1780 
GOF c 1.065 1.079 
Largest diff. peak and hole(e·Å-3) 1.606 and -0.620 0.973 and -0.675 
 
a R1 = Σ||Fo|-|Fc||/Σ|Fo|. b wR2 = {wΣ(|Fo|-|Fc|)2/Σw|Fo|2}}1/2. c GOF = {Σw(|Fo|-|Fc|)2/(n-
p)}1/2, where n is the number of reflections and p is total number of parameters 
refined. 
 
5.4.4 Surface Study 
 
Gas sorption isotherms were measured with a Micromeritics ASAP 2020 
Surface Area and Porosity Analyzer. An oven-dried sample tube equipped 
with a TranSeal™ (Micromeritics) was weighed. The sample was transferred 
into the sample tube, which was then capped by a TranSeal™. The sample 
was heated to 120°C under a vacuum of 2 mtorr for 16 hours. The evacuated 
sample tube was weighed again at which point the outgas rate was less than 2 
mtorr/minute and the sample mass was determined by subtracting the mass of 
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the previously weighed tube. The N2 and CO2 isotherms were measured using 
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Chapter 6: Conclusion 
 
A series of Cu(I) and Cu(II) complexes based on pyridyl carboxylate have 
been synthesised and discussed. The emissive properties of the Cu(I) pyridyl 
carboxylate complexes have been studied; the surface properties and gas 
adsorption properties of the Cu(II) pyridyl carboxylate complexes have been 
studied. 
 
Chapter 2 demonstrates a simple and versatile method to construct six 
isostructural 1-D polymers with different degrees of topological spacers. 
Optical properties the 1-D chain polymers were studied at various 
temperatures, strong emission at 587 nm, 538 nm and 533 nm were found for 
all the six complexes. 
 
Chapter 3 discusses a self-assembly method to construct isostructural 
materials with different degrees of topological cyclic features. The resultant 
12-, 16- and 20-membered metallocycles prepared from a singular self-
assembly method has demonstrated the way forward for engineering 
functional materials directly from commercial reagents. This requires the use 
of a versatile Lewis acidic precursor, as evidenced from the synthesis and 
isolation of 3.1. Isolation of such substrates would pave the way forward for 
the creation of many other systems that demand the use of single metallic 
sources. All the complexes discussed in Chapter 2 and Chapter 3 show the 
narrow full width at half maximum (2 nm) and steady emission which could  
point to the possible use of these materials as sharp-wavelength optical 
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sources, such as laser material. 
 
In chapter 4, the use of pyridyl carboxylate has produced three new MOFs. 
The structures revealed that a straight to obtuse change in the relative donor 
orientation and length of the spacer is sufficient to guide the assembly from a 
ring-stack to a continuum nanotube to a continuum ring-chain. This is 
achieved by changing from a horizontal (4- (or para-)) to diagonal (3- (or 
meta-)) polymeric propagation. Their production from simple one-step and 
one-pot spacer-driven self-assembly methodology offers a distinct advantage 
over other engineering materials. Their different structural forms are 
manifested in different affinity towards their sorption affinity towards CO2.  
 
In Chapter 5, self-assembly of two isomers of pyridyl carboxylates with 
Cu(ClO4)2 with bipyridyls has produced two related but distinctive forms of 
isoreticular coordinative nanotubes. This is achieved by changing from a 
horizontal to diagonal polymeric propagation, the latter of which is achieved 
through multi-point orthogonal interconnections of metals and spacers. Their 
different structural forms are manifested in different affinity towards solvates 
(water versus ethanol channels) and their sorption affinity towards CO2. Their 
production from simple spacer-driven self-assembly one-step and one-pot 
methodology offers a distinct advantage over other engineering materials. 
Their water stability offers an additional incentive for these materials to be 




To be noted, most of the transition metals could be used as the metal centres 
and there are so many choices for the spacers. But in this thesis, we only 
developed Cu based SCCs and MOFs, and meanwhile, the spacers applied are 
limited within pyridyl carboxylate. This makes a significant limitation of this 
work. For the future of this work, various kinds of metals could be applied. 
Meanwhile, different metals show different properties; this makes heterometal 
systems hotter and hotter. In our current system, some new applications could 
also be studied, such as catalysis and sensing. Considering the porous property 
of most SCCs and MOFs, the application in heterogeneous catalysis is 
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